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a 21 with: propriety, that the, fol- 
boo derte Pages are inſcribed, to 
vou. Ho A Heatiſe upon the. arts 


ſhould | haye a patron who, unger⸗ 
ſtands the ſubjedt. No perſon will 


deny that you are Competent to 


judge upon this point. And al- 
though I acknowledge my diffi- 


3 0} 177 $4478 


dence, when, I think that my work 


* 
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wv DEDICATION. 


is to be ſubmitted 16.4; perſon of 
your Kill and diſcernment, yet * 


-own' that I am in ſome degree flat- 
tered that my performance i is not 
vholly deſtitute of merit ſince you 
are kind enough. to accept what 1 
now preſent. AY 
- Itis with lakes alſo that I take 
this opportunity of publicly ac- 
| knowledging: the obligations I he 
under to your reg and good 
| offices 3 in tarry inftantes, and that 
Tam 3, with gratitude and elteem, 5 
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HE ” 7 1 fp compiled the Fee ws | 
they were not intended for the preſs, but for 


ny privute amuſement, becauſe" they contained the 
Principal matters of what I lad either read, ſcen 
or experienced or indeed what accorded to my in- 


clination upon theſe ſubjefts* I laboured daily" to 


incrraſe my litile fore, and having an "extenſive | 


apparatus, 17 carefully prove every experiment, 
"before I gave it a place in my "repafitory + I 
Fave ulſo tried a variety of other experiments from 
Smith, Bartow, Salmon, Kc. Kc. without. the 
defired ſucceſi, which was one principal motive for 
the preſent pub licurion, us it is mn wiſh that my 
labours may prove uſeful "to thoſe whoſe ingenuity 
"may lend "them to prathſe and improve upon my 
"experience." I have given without reſerve, the "beſt 
deſcriptions I could collect of. every thing I have 
treuled. And I edn aſtr that every page in the 


vol contains "matter of teal value when applied to 


/ 


prattice. | Numerous ane the authors "who have 


written upon the e of theſe ſubjells, 
but 


\ 
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it JT Fü ltc Pre h GT 
wat they have aſſerted ; and indeed this is not to 


be wondered at, when it is known that experiments 
are attended with much expence. And although I 


have uſed my beſt endeavours, yet I will not aſſert 


but that better methods in ſeveral things may be 
diſcovered : nevertheleſs the reader may rely that 
the Jn I have advanced will bear the wit * any 


The 3 Ache of ſcience which 7 "7 


| ach to explain, are thaſe. of the Mechanical 


powers, Elefricity, Pneumatics, Hydroftatics., and 
Hydraulics, Optics, and Aſtronomy ;, 4 treatiſe on 
 Clock-making, the nature, uſe, and.conſtruftion. of the 
Barometer, and the conſtruftion of optical and many 
phuloſophical Inſtruments ;. all which I flatter myſelf, 
the ſtudents will find to be exaft, whether they are 
n with a view to theery or eiae. 15 
4 iii 
4 r of the 8 en is now. w become 
a part of polite education, and their utility is mani- 
ſeſted by daily experience; therefore. ſuch defini- 
tions, poſtulates, and .axioms are premiſed as. were 
thought neceſſary to form a right conception of \ the 
principles, ſo as to form a juſt idea of their applicu- 
tion on any particular occaſion ; and as my reaſonang 
on theſe fubjefts has been general, ſa no regard has 
been paid to the weight of * beam or lever; it be- 


ing 
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| ing well known that theſe muſt be equipoiſe tyre | 
ſuch theorems can be W c 


So many bodks have been written upon te fh of 
the arts and ſciences that any perſon would imagine 
that more would be ſuperfluous. Books: however, 

| which: have been written by authors of credit are very 
expenſive and very voluminous, and it would take too 
much time to read over, and altain à thorough knows- 
lege the dofirne they contain. In the preſent per- 
formance every thing is rendered familiar to tie 
meaneſt.capacity ; and with a little pratice and per- 
 - ſeverante, the moſt illiterate artizan cannot fail f 
maling a con ſiderable progreſs in almoſt every art 
and ſcience it treats of ; befides every artificer cannot 
furnyſk himſelf eaſily with the beſt authors upon all the 
ſubjecis contained in this work ; the expence of which, 
and waſte of time would be too conſiderable. I have 
inſerted not only known uſeful rules upon the ſubjetts I 
have noticed, but a great many others that are entirely 
new, and of very great uſe, both in aw and er | 
to the working mechanic, 


7 pretend rot to communicate my ideas with the 
embelliſhments of elegant language: my employment 
86 @ mechanic, pleading an excuſe for errors or inac- 
curacies in this reſpet ; but I have endeauoured to be 

plain, exatt and intelligible, and my meaning will not 

1 e eee 
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10 my book. 


In the | Miſcelloneous 1 this performance many 
1 5 ſecret are diſcovered that are worthy of attention, 4 
- _ great number of which were never before publiſhed. 
| Some apology may be thought neceſſary for dioulging. 
' © them; but as I obtained my knowledge chiefly by my' 
oon induſtry and unwearied application, I have 
. Tight to communicate it for the benefit of young expe- 
| rimenlers, till they can procure better aſſiſtance, or ve 
enabled to ſtrike out better methods of improvement by 
their own experience, At a ſuture period, I intend 
o publiſh another volume as an appendix to this, 
9 wherein. I ſhall lay down every calculation in different 
{1 OW mill-works, water-works, fleam-engines, Ec. together 
+ © , with @ variety of uſeful rules for the "working me- 
perry wy Been e e 
Articles. 70 | 


_ 


F082 The moſt valuable improvements in arts and 
Falk - ſciences which have appeared of late years are, 1/t.. 
FE Meſſrs. Watts and Bolton's fieam engine, a brief 
p | Aceſcription of which I have given in the following 
75 treatiſe. ad. Rev. Mr. Cooke's drill plough®; 
and 1 I mo not admilted an account Us it 


„ price 16. 
publiſhed by Mr. Murray ; 1 Younc's Memoir's of _ 


iS culture, &c, : 
in 
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in this treatiſe, yet I cannot help obſerving concerning 
it, that it is an aſſemblage of the mechanic powers 
imply diſpoſed to great advantage, ſo as to aſſiſt that 
important deſign of the inventor —the improvement 
of agriculture—in the beſt manner yet attempted. 
3d. A teleſcope which is the moſt noble inſtrument of 
the kind ever conſtructed, and which diſplays Dr. 
Herſchell's optical and aſtronomical abilities beyond 


all of has cot aries, 


Before I conclude I muſt acknowledge my obligations 

to Mr. James Wood, oppoſite the Sunday Toll Bar, 

Kent Street Road, Southwark, late Collector for the 

London Bridge Water Works ; whoſe extenſive know- 

| ledge both in theory and praflice of every ſcience is 

greater than is generally to be met with united in one 

perſon; and to him I would recommend thoſe gentle- 

men, who are in want of curious models in every 
branch of experimental philoſophy. | 
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DEFINITIONS, 


ECHANICS, is a ſcience, which treats of the 

forces, motions, velocities, and in general, of the 
actions of bodies upon one another; it teaches how to move: 
any given weight with any given power; how to contrive 
engines to raiſe great weights, or to perform = kind of 
motion, 


2.. Body, is the maſs or quantity of matter; an elaſtic 
body is that which yields to a ſtroke, and recovers its figure 
again otherwiſe, it is called an Da 3 


3. Denſity, is the proportion of the quantity of mattep 
in any body, to the quantity of matter in another body of 
the ſame dimenſions. 


4. Force, is a por ver exerted on a body to move it; if it 
act inſtantaneouſly, it is called percuſſion, or impulſe; if 
conſtantly, it is an accelerative force. 


5. Velocity, is a property of motion, by which a body I Evi OE 


paſſes over a certain ſpace in acertain time; and is greater 
| B | or 


* ® 5 —.— 


= 4 _ 
= 
| 
+ 
F 
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CTION TO 
or leſs ſpace ir! a certain 


AN INTROD 


or leſs, as it paſſes over a 
time, ſuppoſe a ſecond. 


6. Motion, is a continual and ſucceſſive change of place; 
if the body moves equally, it is called equable or uniform 
motion; if it increaſes or decreaſes, it is called accelerated 
or retarded motion; when it is compared with a body 
at reſt, it is called abſolute motion; but when compared 
with a body in motion, it is called relative motion. 


7. Direction of mation, is the courſe or way the body 
tends, or the line it moves in. | 


8. Quantity of motion, is the motion a body has, con- 


ſidered both in regard to its velocity and quantity of matter; i 


this is called the momentum of a body. 


9. Vis inertiz, is the innate force of matter, by which 
it reſiſts any change, ſtriving to preſerve its preſent ſtate of 
reſt or motion. 


10. Gravity, is that force wherewith a body endeavours 
to fall downwards; it is called abſolute gravity in empty 
ſpace; and relative gravity when immerſed in a fluid. 


11. Specific gravity, is the greater or leſs weight of bo- 
dies of the ſame magnitude, or the proportion between their 
weights. This proceeds from the natural Graf of bodies. 

12. Center of gravity, is a certain point of a body; 
upon which the body, when ſuſpended, will reſt in any 
poſition. 1 | 


13. Center 


# # 
# 


USEFUL xxOWI EDGE VS 
13. bans of motion, is a\fixed round about which a 


body moves; and the axis of motion is a fixed line it moves 
about. + 


14. Power and weight, when oppoſed to one another, 
ſignify the body that moves another, and the other which 
is moved; the body which begins and communicates mo- 
tion is the power; and that which receives the motion, is 
the weight. | 


I . Equilibrium, i is «the balance of two or more Kod ſo 


16. E or engine, is any inſtruthent to move do- 
dies, made of levers, wheels, pullies, &c. 


17. Mechanic powers, are the lever, wheel, pully; ſcrew, 
wedge, and the inclined plane. 


18. Streſs, is the effect any forte has to break a beam, 
or any other body ; and the ſtrength is the reliſtance it is 
able to e 7a. _—_— force. 


19. Friftion, is the reſiſtance which à machine fuffers, 
by the parts rubbing againſt one another, 


POSTULATA 


1. That a ſmall part of the furface of the earth may be 
looked upon as a plane; for though the earth be round, yet 
ſuch a ſmall part of it as we have any occaſion to conſider, 
does not ſenſibly differ from a plane, 


B2 2. That 


$ ® 


© C4 r . 
- 
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2. That heavy bodies deſcend. in lines parallel to one 
another ; for though they all tend to a point, which is the 
center of the earth, yet that center is at ſuch a diſtance, 


that theſe lines differ inſenſibly from parallel lines. 


3- The ſame body is of the ſame weight in all places on 
or near the earth's ſurface ; for the difference is not ſenſible 
in the ſeveral places we can go to. | 

| | 

4. Though all matter is rough, and all engines impet- 
fect; yet, for the caſe of calculation, we muſt ſuppoſe all 
planes perfectly even; all bodies perfectly ſmooth ; and all 
bodies and machines to move without friction or reſiſtance 
all lines ſtreight and inflexible, without weight or thickneſs; 


cords extremely pliable, and ſo on. 
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1. Every body deavours to remain in its preſent ſtate, 
whether it be at reſt,or moving uniformly in a right line. 


2. The alteration of motion by any external force is al- 


ways proportionable to that force, and in direction of the 
\ right line in which the force acts. 


3. Action and re- action, between any two bodies, are 
equal and contrary. 


4. The motica of any body is made up of the ſum of 
the motions of all the parts. | 


. ; 0 N + ; 5 | 
. The weights of all bodies in the ſame place, are 
proportional 


We, 
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proportional to the quantities of matter they contain, 
out any regard to their figure. | 


6. The vis inertiz of any body, is proportional to the 
quantity of matter. 


7. Every body will deſcend to the lowell place it can get 
to. 


} 


8, Whatever ſuſtains a heavy . bears all tis weight | 
of it. 


9. * equal forces acting 22 another in con- 
trary directions, deſtroy one anothers effect; and unequal 
forces act only with the difference of them. | 


10. When a body i is kept in equilibrium; the contrary 
harley oe of Gracia oy gt, | 


11. If a certain force generate any 5 motion; an equal 
force acting in a contrary direction, will deſtroy as much 
motion in the ſame time. 


12. If a body be ated on by any power in a given di. 
rection; it is all one in what point of that line of direction 
the power is applied. 


13. If a body is drawn by a rope, all the parts of the 
rope are equally ſtretched; and the force in any part acts in 
direction of that part; and it is the ſame thing whether the 
rope is drawn out at length, or goes over ſeveral 25 | 


14. If 


AN INTRODUCTION To 
. Tf ſeveral forces at one end of a lever, at againſt 
ſeveral forces at the other end; the lever acts, and is ee 


on, in direction of its length: | 


Of the Mechanical Peiwers. 


= OW, if we conſider bodies in motion, and compare 
them together, we may do this either with reſpect to 


mechan the quantities of Hiatter they contairi; or the velocities with 


Which they are moved; For the heavier any body is, the 
greater is the power tequired either tõ move or ſtop its mo- 
tion: and again, the ſwifter it moves, the greater is its 
force. So that the whole force of a moving body is the re- 
ſult of its quantity of matter multiplied by the velocity witli 
which it is moved. And when the product ariſing from the 


multiplication of the particular quantities of matter in any 


two bodies, by their reſpective velocities, are equal, the 
entire forces are ſo too. Thus, ſuppoſe a body, whith we 
call A; to weigh 40 pounds, and to move at the rate of two 
miles in a minute; and another body, which we call B, 
to weigh only 4 pounds, and to move 20 miles in a minute z 
the entire forces with which theſe two bodles would ſtrike 
againſt any obſtacle would be equal , to each other, and 
therefore it would require equal powers to ſtop them. For 
45 multiplied by 2 gives 80, the force of the body A: and 
20 multiplied by 4 gives $0, the force of the body B. Upon 
this eaſy principle depends the whole of mechanics: and it 
holds univerſally true, that when two bodies are ſuſpended 
on any machine, ſo as to act contrary to each other; if the 

machine 
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of one body multiplied, into its weight, be equal to the 
perpendicular deſcent af the other body multiplied into itz 
weight, thoſe bodies, how unequal ſoever in their weights, 

will balance one another in all ſituatigns : for, as the whole 
aſcent of one is performed in the fame time with the whole 
deſcent, of the other, their reſpective velacities muſt be di- 
realy as the ſpaces they mdve through; and the exceſs of 
weight in one body is compenſated by the exceſs of velocity 

in the other. Upon this principle, it is eaſy to campute the How to 
power of any mechanical engine, whether ſimple or com- *mpute the 
pound; for it is but only finding how much ſwifter the mechanical 
power moves than the weight does (i. e. how much farther ew” 

in the ſame timo) and juſt ſo much is power increaſed by 
the help of the engine, 18 BER 


In the theory of this ſcience we ſuppoſe all planes per- 
fectly even, all bodies perfectly ſmooth, levers to have no 
weight, cords to be extremely pliable, machines to have na 
friction; and, in ſhort, all imperfections muſt be ſet aſide / 
until the theory be eſtabliſhed; and then, proper allowances 
are to be made, | | * 


The ſimple machines, uſually called mechanical powers, The mecha« 
are ſix in number, viz. the lever, the wheel and axle, the u 
pully, the inclined plane, the wedge, and the ſcrew ; they 
are called mechanical powers, becauſe. they help us me- 
chanically to raiſe weights, move heavy bodies, and over- 
come reſiſtances, which we could not effect without them. 


I, A lever is a bar of iton or wood, one part of which Ofthelees, 
being ſupported by a prop, all the other parts turn upon that 
prop as heir center of motion; and the velocity of every, 
_ 
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part or point is directly as its diſtance from the prop. There. 
fore, when the weight to be raiſed at one end is to the power 
applied to the other to raiſe it; as the diſtance of the power 
from the prop, is to the diſtance of the weight from the 
prop, the power and weight will exactly balance or coun- 
terpoiſe each other : and as a common lever has nearly no- 
friction on its prop, a very little additional power will be 
ſuſlicient to raiſe the weight. | 


There are four kinds of levers. 1. The common fort, 
| when the prop is placed between the weight and power; but 
N much nearer to the weight than to the r. 2. When 
* the prop is at one end of the lever, the power at the other, 
and the weight between them. 3. When the prop is at 
one end, the weight at the other, and the power applied 
between them. 4. The bended lever, which differs only 
in form from the firſt ſort, but not in property. Thoſe of 
the firſt and ſecond kind are often uſed in mechanical en- 
gines; but there are few inſtances in which the third ſort 
is uſed, 


—_— ups - 


The da- The balance is a ſtraight inflexible rod or beam, turning 
| round a fixed point or axle in the middle of it, to be loaded 
| at each end with weights ſuſpended there; it is by ſame 
reckoned a lever of the firſt kind, but as both ends are fet at 
| equal diſtances from its center of motion, they move with 
| equal velocities; and therefore, as it gives no mechanical 
| advantage, it cannot N be reckoned among the me- 
chanical powers. 


Plate J. Let C O be a beam or lever, E the middte point or 
Fig 1. center of motion ; A B, the weights, hanging at the ends 
C and P, then let the beam and the weights, or the whole 
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machine, be ſuſpended at Ez; and ſuppoſe the beam Fs 5: 


and the weights be turned upon the center E, then 
the points C D being equidiſtant from E, vill deſcribe 
equal arches, and therefore their velocities will be equal; 


and if the bodies A and B be equal, then the motion of K 
will be equal to the motion of B, as the quantities of matter 


3nd velecities are equal; and conſequently, if the beam and 
vueights are ſet at reſt, neither of them can move the other, 
but they will remain in equilibrium, if one weight be greater 
than the other; that weight and ſcale will deſcend and raiſe 
the other. ä 

Now, the uſe. of the balance, or a common pair of ſcales; 
is to compare the weights of different bodies; for any body, 
whoſe weight is required, he put into one ſcale, and balanced 
by known weights put into the oth + ſcale, theſe weights 
will ſhew the weight of the body, TR . 


70 have a pair of ſcales rerfech, they 1 "ee theſe 
properties. 1. The points of ſuſpenſion of the ſcales, and 


Pra- 


the center of motion of the beam O, E, D, muft be in a perties of 
right line. 2. The arms, C E, D E, muſt be of equal . 


length from the center. 3. That the center of gravity be 
in the center of the motion E. 4. That there be as little 


friction as poſſible, 5. That they be in e when 


empty. 


If the center of gravity of the beam be above the center ; 


af motion and the ſcales be in equilibrium, if they be put a 
little out of that poſition, by putting down one end of the 
beam, that end will continually deſcend until it be ſtopt at 
the handle H, For by that motion, the center of gravity is 
: continually deſcending, accarding to the nature of it, but 
| Cc if 
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If the center of gravity of the beam be below the center of 
motion; if dne end of the beam be put down a little; to 
àͥeſtroy the Equilibrium, it will return back and vibrate up | 


and down. For by the me the —_ of gravity is is en- 
Yeavouting to eber 54 | | 


. diſcover a falſe balls, male che n wide oa 
wr args ſcales to be th equilibrium; then change the weights 
are good. to the contrary ſcales, and if they be not in em 


the balance 1s falſe, 


Hence alſo, to prove a pair of good ſcales, they muſt be 
in equilibrium when empty, and likewiſe in equilibrium with 
the two weights, Then, if the two weights be changed 
to the contrary ſcales, the equilibrium will (ill remain, if 
the ſcales are good. 


Fig. x: A lever of the firſt kind is Et is the barA BC, 

| Sed ef ts. ſupported by the prop D. Its principal uſe is to looſen large 

. ver. ſtones in the ground, or to raiſe gteat weights to ſmall 
heights, in order to have ropes put under them for raiſing 

them higher by other machines. The parts A Band BC 

on different ſides of the prop D, are called the arms of · the 

lever : the end A of the ſhorter arm A B being applied 

to the weight intended to be raiſed, or to the reſiſtance to be 

overcome; and the power h to the end C of the longer 

arm B C. 


In niakink experiments with this machine, the ſhorter 
arm A B muſt be as much thicker than the longer arm B ©, 
as will be ſufficient to balance it on the prop D. This ſup- 
poſed, let P repreſent a power whoſe gravity is equal to 1 
ounce, and Wa weight, whoſe grayity is equal to 12 
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vunces. Now, if the power be twelve rimes as far from the Fis- 1- 
prop as the weight i is, they will exactly counterpoiſe; and 
a ſmall addition to the powet P will cauſe it to deſcend, and 2 


raiſe the weight W] and the velocity with which the * 
deſcends will be to the velocity with which the weight les, 


as 12 to 1 that is, directly as their diſtances from the propʒ | 


and conſequently, as the ſpaces through which they move, 
Hence, it is plain that a many who by his natural ſtrength, ; 
without the help of any machine, could ſupport an hundred 
weight, will- by the help of this lever be enabled to ſup- 
port twelve hundred. If the weight be leſs, br. the power 
greater, the prop may be placed ſo much farther from the 
weight; and then it can be raiſed to a proportionable greater 
height. For, univerſally, if the intenſity of the/weigh 
multiplied into its diſtance from the prop, be equal to the 
intenſity of the power multiplied into its diſtince from the 
prop, the power and weight will exactly balance each other; 


and a little addition to the power will raiſe the weight, 
Thus, in the preſent inſtance, the weight W is 12 ounces, 


and its diſtance from the prop is 1 inch; and 12 multiplied 
by 1 is 12; the power P is equal to 1 ounce, and its diſtance 
from the prop is 12 inches, which multiplied by x is 12 
again; and therefore there is an equilibrium between them. 


So, if a power equal to 2 ounces be applied at the diſtance of 6 


inches from the prop, it will juſt balance the weight W; for 
6 multiplied by 2 is 12, as before. And a power equal to 3 
ounces placed at 4 inches diſtant from the prop would be 
the ſame; for 3 times 4 is 12; and ſo on, in proportion. 


To this kind of lever may de reduced ſeveral ſorts of inſtru- keto 


of the firſt - 
kind of 


made of two levers ating contrary to one another! their leer. 


ments, ſuch as ſciſſars, Pincers, ſauffers, &c. which are 


prop, or .center of motion being the pin which keeps 
them together. In common practice, che longer end of 
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this lever greatly a the weight of the Dorer Which 


gains great advantage, becauſe it adds fo much © to the «ohhh 


—U— pen — 


"The * or Roman Wepa, 7 is 4 Wale of this kind, - 
and is uſed for finding the weights of different bodies by one 
fi ingle weight Placed at different diſtances from the prop or 


center of motion D. Fot, if a weight hangs at A the ex- 


tremity c of the ſhorter arm DG, is of ſuch a weight as will 
exact counterpoile the longer arm D X; if this arm be 


divided ; into as many equal parts as it will contain, each 
equal to 0 D, the ſingle weight P (which we may ſuppoſe 
to be i pound) will ſerve for weighing any thing as heavy 


as itſelf, ; or as many times heavier as there are diviſions in the. 


arfn D * or any quantity between its own weight and 
that quantity. As for example, if P be 1 pound and placed 


at the firſt diviſion 1 in the arm DX it will balance 1 
pound i in the ſcale at W; if it be removed to the ſecond di- 


viſi ion at 2, it will balance 2 potinds i in the ſcale ; ; if to the 


third 3 pounds; and ſo on to the end of the amm D X. If 


| each of theſe integral diviſions be ſubdivided. into as. many 


f equal | parts as a pound contains ounces, and the weight P be 
| placed at any of theſe ſubgiviſions, ſo as to counterpoiſe 


What is in the ſcale, the pounds and odd ounces therein 


will by t that means be aſcertained. 


The frond. A lover of the ſecond kind has the weight betiveen the 
1 of le- prop and the power. In this, as well as the former, the 


advantage gained is as the diſtance of the power from 
the . prop to the diſtance of the weight from the prop: 
ſor the reſpeQive velocities of the power and weights 
are in that proportion; and they will balance each other 


. tlie intenſity of the power multiplied by its diſtance | 


rom the prop is equal to the intenſity of the wefght mul- 
tiplied by its diſtance from the prop. Thus, if A B be a 
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wa onwhichiths weight W of 6 ounces hangs at the diſtance 
of 1 inch from the prop G, and a power P equal to the weight 
of 1 ounce hangs at the end B, 6 inches from the prop; by the 
cord & D going over the fixed pulley E, the power will juſt 

ſupport the weight: and a ſmall addition to the power will 
niſe the weight, 1 inch for evety 6 inches that the power 
deſcends. This lever ſnews the reaſon why two men car- 
rying a burden upon a ſtick ' between chem, bear une qual 
ſhares of the burden in the inverſe proportion of their diſ- 
tances from it. For it is well known, that the nearer either 

of them is to the burden, the greater ſhare he bears of it: 
and if he goes directly under it, he bears the whole. So if 
one man be at G, and the other at B, having the pole or 
ſtick AB reſting on their ſhoulders; if the burden or weight | 
W be placed five times'as near the 'man at G, as it is to 
the man at B, the former will — 
7 © as the rr. ö 


This is likewiſe applicable to the caſe of two- horſes of 
bhequal ſtrength to be ſo yoked, as that each horſe may Pro L 88 — 
draw a part proportionablo to his ſtrength ; which is done by 27 kind 
ſo dividing the beam they pull, that the point of traction 
may be as much nearer to the ſtongef horſe than to the weaker, 

4 the ſtrength of the former exceeds that of the latter. 


Ts this kind of lever may, be reduced oars, rudders of 
ſhips, doors turning upon dings, a which are 
fixed af the point, &. 


3 ale we ſuppoſe the power and wetght tothe wi 
change places; ſo that the power may be between the ver. 
Weight and the prop, it will become a lever of the third 
;kind; in which, vac a ade ear dA 

the 
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the power and the weight, the intenſity, bf the power mul 
exceed the intenſity of the weight, Juſt as much as the 
diftance of the weight from the prop exceeds the diſtance of 
Fig. 3. the power. Thus, let E be the prop of the lever A B, and 
Wa weight of 1 pound, placed 3 times as far from the 
prop, as the power P acts at F, by the cord C going over 
the fixed pulley D z in this caſe, the power muſt be e 
4 5 3 , oper do fr wojght.of, 2 pound oy 


o * Q 


Properties | = ſort of levet are genen iefetred the bones of 4 
kind of man's arm; for when he lifts a weight by the hand, the 
**. muſcle that exerts its force to raiſe that weight, is fixed to 
the bone about one tenth part as far below. the elbow as the 
hand is. And the: ethow. being the center round which the 
lower part of the arm turns, the muſcle muſt therefore exext 


a foice ten en . as the weight that . 


As this kind of lever i is a diſadvantage to > the mag 
power, it is uſed as little as poſſible; but in ſome cales it 
cannot be avoided, ſuch as that of a ladder, which, being 
8 ar Eee e 


Andi in 8 ACS al the wheels may be br 
levers of this kind, becauſe the power that moves every 
wheel, except the firſt, acts upon it .near the. center of 
motion by means of a ſmall pinion, and the reſiſtance jt 
has to overcome, acts againſt the teeth round its circum- 
ference: ; | 


I en The faut. Rind of lever « de noting from the 50 
. 1- but jn being bended fat the. ſake of convenience. - Ach is 
Fig. 4. A ah forte gated at C. e us prop o ar hy” 


"VSEFUL KNOWLEDGE." . 


h af fan; Pis a power acting upon the Jongir win A 
C at F, by means of the cord D E going over the pulley 


G; and W is a weight or refiſtance acting upon the end B 


of the ſhorter arm C B. If the power is to the weight, as 


CB is to C F, they are in equilibrium. Thus, ſuppoſe W 


to be 5 pounds aQing at the diſtance of one foot from the 


center of motion C, and P to be 1 pound acting at F, five 


feet from the center C, the power and weight will juſt 
balance each other. N 4710 chars 
nba 87 I} 


2. The ſecond gal ni nba, 


in which the power is applied to the circumference of te.. 


wheel, and the weight i is raiſed by a rope which coils about 
the axle as the wheel is tutned round, Here it is plain, 
that the velocity of the power mult be to the velocity of the 
weight, as the circurnference of the wheel is to the cir- 
cumferende of the axle: and conſequently, the power and 


weight will balance each other, when the intenſity of the 


power is to the intenſity of the weight, as the circumfe- 
rence of the axle is to the circumference of the wheel. Let 
AB be a wheel, C. D its axle, and ſuppoſe the circum- _ 
ference of the wheel to be 8 times as great as the citcum- 


ference of the axle; then, a power P equal to 1 pound 


hanging by the cord I, which goes round the wheel, will 


balance a weight W of 8 pounds hanging by the tope K,. 


which goes round the axle. And as the friction on the 
pivots or gudgeons of the axle E F is but ſmall, a ſmall 


addition tothe power will cauſe it to deſcend, and raiſe the 


weight: but the weight will rife with only an eighth part 
of the velocity wherewith the power deſcends, and conſe- 
quently, through no more than one eighth part of an equal 
ſpace, in the fame time, If the wheel be pulled round by 


5 


16 
Fig. 7. 
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a 8, 8, the power will be increaſed in n 
to their length. And by this means, any eee may had 
raiſed as high as the operator Nen | 


To this ſort ef engine belong all cranes for ning great 
weights; and in this caſe, the wheel may have cogs all 
roundl it inſtead of handles, and a fmall lanthorn or trundle 
may be made to work in the cogs, and be turned by a winch; 


which will make the power of the engine to exceed the 


power of the man who works it, as much as the number 
of revolutions of the winch exceeds thoſe of the axle C D, 
when multiplied: by the exceſs of the length of the winch 
above the length of the ſemidiameter of the axle, added 
to the ſemidiameter .or half thickneſs of the rope K, by 
which the weight is drawn up. Thus, ſuppoſe the dia; 
meter of the rope and axle taken together, to be 13 
inches, and conſequently, half their diameters to be 6 4 
inches; ſo that the weight. W will hang at 6 + inches 
perpendicular diſtance from below the center of the 


How: yow. axle, Now, let us ſuppoſe the wheel AB, which is fixed 


er may be 
incrt aſed. 


on the axle, to have 80 cogs, and to be turned by means of 


a winch 6 Z inches long, fixed on the axle of a trundle 


of eight ſtaves or rounds, working in the cogs of the wheel, 
Here it is plain, that the winch and trundle would make 
10 revolutions for one of the wheel A B, and its axis D, on 
which the rope K winds in raiſing the weight W; and the 
winch being no longer than the ſum of the ſemidiameters 
of the great axle and rope, the trundle could have no more 
power on the wheel, than a man could have by pulling it 
round by the edge, becauſe the winch would have no greater 
velocity than the edge of the wheel has, which we here 
ſuppoſe to be ten times as great as the velocity of the riſing 
weight; ſo that, in this caſe, the power gained would bg 

| a8 
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as 10 to . But if the length of the winch be 13 inches, 
the power gained will be as 20 to 1: if 19 4 inches (which 

is long enough for any man to work by) the power gained 
will be as 30 to 1; that is, a man could raiſe 3o times as 

much by ſuch an engine, as he could do by his natural 
ſtrength without it, becauſe the velocity of the handle of the 

winch would be 30 times as great as the velocity of the 
riſing weight; the abſolute force of any engine being in 
proportion of the velocity of the power, to the velocity 

of the weight raiſed by it. But then, juſt as much power porce of 
or advantage as is gained by the engine, ſo much time is f caeine. 
Joſt in working it; WOT common in all mechanical 
a | 


In this ſort of machines it is . to have a ratchet 
wheel on the end of the axle C, with a catch to fall into 
its testh; which will at any time ſupport the weight, and 
keep it from deſcending, if the perſon who turns the handle 
ſhould, through inadvertency or careleſſneſs, quit his hold 
while the weight is raiſing. Thus, by this means, the 
danger is prevented Which might otherwiſe happen by the 
running down of the weight when left at liberty. 


The third mechanical power or engine conſiſts either of 
one moveable pulley, or a ſyſtem of pullies ; ſome in a block | 
or caſe which is fixed, and others in a block which is move- N 
able, and riſes with the weight. For though a ſingle pulley 
that only turns on its axis, and moves not out of its place, 
may ſerve to change the direction of the power, yet it can 
give no mechanical advantage thereto z but is only as the 
beam of a balance, whoſe arms are of equal length and 
weight. Thus, A is a ſingle pulley, and if it ſupport the 


Caution, 
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Fig. 9. 
Three 
moveable 


pullies. 
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equal weights p and W, the cord B B to Which they ae 
appended, is equally ſtretched throughout, and the pulley 
A ſuſtains both the weights, or is drawn with a force equal 
to twice P. It is proper, but another form of the ba- 
AO N 
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A combination of three moveable en A, B, C, 
Err three diſtinct cords, each faſtened at one end 
to an immveable block above. The power of the whole 
is diſcoveted by fuppoſing two ſuch weights P and W ſuſ- 
pended, as will keep the machine in equilibrium, and then 
beginning with the leaſt weight, or power P, and conſider- 
ing what force each ſeparate pulley ſuſtains. Thus, if P be 
one pound, the cord which ſuſtains it, acts at its other end 
upon the fixed block above, and is conſequently re- acted 
upon by the block with a force equal to one pound, and the 
b un as 7 8, is n with a force equal to two 


Ne 
py 
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and powe 


as 8 to 1. 


Fig. 10. 


à. moveable block, which raiſe the weight W, by pulling 


By tracing the ſecond cord in the ſame miinfer, it will 
appear that the pulley B is drawn with twice'the force of A, 
or 4 pounds. And C is drawn with twice the force of B, 
or 8 pounds. So that the purchaſe of this machine is ſuch, 
men tn W has 8 tiresthe power of P. 


The velocity of the welghe to that of the power is (in a 
_ fitmilar way of arguing) thus, if P deſcend 8 inches, A will 
' aſcend © B, 2; and Cor Wi inch; ſo that the velocities 
are N ef- as the N 1 el 


00 combination of pullies; TIO two, A and B, 
run in the fixed block X. And two others, C and D, in 


the 


J 
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the cord at P, which goes ſucceſſively over the pullies A, — 
D, B, C, and is faſtened: to the fixed block at s. The 
purchaſe of this machine is known by conſidering that the 
cord is equally ſtretched throughout, by putting two ſuch 
weights P and W, as vill coynterpoiſe each other. For 
Pis ſuſtained by the ſingle cord, - and W by four fold of the 
ſame, viz. by the parts 0, 5, u, K, eee 
W will be four, pounds, 1 25 1 


— 


The velocity of the power en - IR 
four to one. For if P deſcend four inches, the parts of 4 to f. 
the cord at k will aſcend towards e four inches, and all the * 
other parts of the cord, from the pulley C, will equally 
follow each other, and Cor W will aſcend one inch towards 
8; e d e, , e ee 
g 


In like manner may FY purcha of any other combi. 
nation of pullies be determined. · And it will always hap- 
pen, that the momenta of the weight and power will be 
equal, as in the other mechanical powers, That i is, if any 
power 'v will raiſe one pound with a [certain velocity, it will 
raiſe two pounds with half that velocity, or one hundred 
pound with one hundregth 1 part « of. that velocity, &c 


But as a ſyſtem of pales] * no great weight, 2 
in a ſmall compaſs, it is ealily carried about; and can be 
applied, in a great manycaſes, for raiſing weights, where 
other engines cannot; but they have a great deal of friction 
on three accounts---1. Becauſe the diameters of their axis's 
rs 01g fn to their own diameters. | 
neee 
24 e Ag: a ther, 
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. A to be parallel to the horig on, the n will MEN 
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| ther, dr agaitiſt the ſides of the blocks. 3. Becauſe-of the 
Riffneſsof the edpch d ever andamactc Tam. 4.41 

The Fourth mechanical p power is the inclin ned plane, and 
Theindia- the advantage gained by it, is as great as its length exceeds 
8 perpendicular height. Let A B be a plane parallel ta 
the horizon, and C Da plane inclined to it, and ſuppoſe 


the whole length CD tobe three times as great as the per- 
pendicular height Gf F: in this caſe the cylinder E will be 


Fig. 11, ſupported upon t the plane D, and kept from rolling dawn 


upon it, by a power equal to a third part of the weight of 
the cylinder. Therefore, a weight may be rolled up this 
inclined plane with a third part of the power which would 
be ſufficient ta draw it up by the ſide of a an upright Wall. If 
the plane was four times as long as it is high, a fourth part of 
the power would be ſufficient; and ſo on in Proportion, 
Suppoſe a man has occaſion to ſet 2 weight upon an emi- 

nence, and the weight i ſo great, that be cannot lift it by 
his natural ſtrength, he, will take a long ſtout plank, or ſome- 
thing equivalent thereto, and letting i it ſloping, will puſh 
the weight before him up the plank, to the place deſigned ta 
ſet it in; and ſuch plank, or other contrivance like it, is an 
inclined —.— Now it is evident, that the ſhorter this in⸗ 
clined plane is, the ſteeper i is the aſcent; and the longer the 
plane i is, the aſcent muſt be the eaſier, 1 is plain alſo, that 

it is much eaſier to puſh a rolling weight up a hill that 
riſes | ntly, than up a hill that is "7 ſteep, Wed! is uni- 
verſally known. 


eee e eee ria 
clined plane, is to the force of its abſohute gravity, by which 
it would deſcend perpendicularly in a free ſpace, as the 
height of the plane is to its length. For, ſuppoſe the plane 


dest 
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x6ſt upon any part pf the plane where it is laid. If the Fig. 13. 
plane be ſo elevated, that its perpendicular height from D 
4s equal 10 alf its length A B, the cylinder C will roll 
down upon the plane with à force equal to half its weight, 
for it would require a power (acting in the direction of A 
Bh) equal to half its weight to keep it fram rolling. If the 
plane D B be elevated, fo as to be perpendicular to the ho- r. 1 
rinon, the cylinder C would deſcend with its whole force 
of gravity, becauſe the plane comributes nothing to its ſup- 
port or hindrance, and therefore it would require a power 
equal to its whole weight to keep it from deſcending. IT 
the inclined plane may be reduced all hatcbets, chiſels, and 
rene ieh are chanifcead.6alpon one fd. 
om $149 37 ct lad im 1914 
OG, cata pri . wegy.. . 
which may be conſidered as two: equally: inclined planes D Fig. 15. 
E F, and C E F. joined together at their baſes e E F O: 
then D C is the whole thickneſs of the wedge at its back 
A BCD, where the power is applied; E F is the depth or 
height of the wedge; D F the length of one of its ſides, 
equal to C F the length of the other ſide; and O F is its 
arp edge, which is entered into the waod intended to be 
ſplit, by the force of a hammer or mallet ſtriking perpendi- 
gularly on its back. Thus, A B is a 5 | 
— ſhe den rann my 


x = 
8 
15 


Wen 8 law Cs diſtance: before 
the. we there will be an equilibrium between the power 
impelling the wedge downward, and the reſiſtance of the 
wood acting againſt the two ſides of the wedge when the 
power us to the reſiſtance, as half the thickneſs of the wedge 
at it's back is to the length of either of its ſides ; becauſe the 
JFitauge then aQs, perpendicular to the ſides of the wedge, 
WW 1 Ba 
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But, when the reſiſtance on each ſide acts parallel to the 
back, the power that balances the reſiſtances on both ſides 


ee e ee e eee 
gaumnemmem 
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las it generally does) the power impelling the wedge will nat 


be to the reſiſtance of the wood, as the length of the back 
of the wedge is to the length of both its ſides; but as half 


the length of the back is to the length of either fide of the 


cleft, eſtimated from the top or acting part of the wedge. 
For, if we ſuppoſe the wedge. to be lengthened down 
from the top C D, to the bottom of the. cleft at E, the 
ſame proportion will hold ; namely, that the power will be 
to the reſiſtance;//ashalf the length of the back af the 
wedge is to the length of either of its ſides: or, which 
amounts to the ſame thing, e g. of the back 
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The wedge i is 3 very great as power, Sick 
only woad, but even rocks can be ſplitby-it : which would 
be impoſtible to effect by the lever, wheel and axle, or pul- 
ley :- for the force of the blow, or ſtroke, ſhakes the N 


parts, and thereby e e r N 


The ſcrew, The ſixth and laſt e power is i ſro which 


cannot properly be called a ſimple machine, becauſe it is ne- 
ver uſed without the application of a lever or winch to aſſiſt 
in turning it: and then it becomes a compound engine of 

a very great force, either in preſſing the parts of bodies cloſer 
together, or in raiſing great weights. It may be conceived 
to be made by cutting a- piece of paper, A B C, into'the 
form of an inclined plane or half wedge, and then wrap 


i ; ping 


USEFUL KNOWLEDGE. 


ping it round 2 cylinder (Fig. 18.) it being evident, Fig. i8. 


that the winch muſt turn the cylindet once round, before the 
weight of reſiſtanee can be moved from one ſpiral winding to 
another, as from d to c: therefore, as much as the circum⸗ 


ference of a circle deſcribed by the handle of the winch is 


greater than the interval or diſtance between the ſpirals, fo 
much is the force of the ſcrew. Thus, ſuppoſing the diſt 
| tance of the ſpirals to be half an inch, and the length of 
the winch twelve inches; thé eirele deſcribed: by the 
handle of the winch where the power acts will be 76 inches 
nearly, or about 152 half inches, and conſequently '152 
times as great as the diſtance between the ſpirals : and there- 
fore a power at the handle, whoſe intenſity is equal to no 
more than a ſingle pound, will balance 152 pounds acting 
againſt the ſcrew ; and as much additional force; as is ſuffi- 
cient to overcome the friction, will raiſe the 152 pounds ; 
and the velocity of the power will be to the velocity of the 
weight, as 152 to one. Hence it appears, that the longer 
the winch is, and the hearer the ſpirals are to one anothet, 
ORs eee eee the ſcrew. 


A machine fot bing the force or ber the ſcrew 


may be contrived in the following manner. Let the wheel Fig. 13. 


C have a ſcrew a bon its axis, working in the teeth of the 
wheel D, which ſuppoſe to be 48 in number. It is plain, 
that for every time the wheel C and ſcrew a b are turned 
found by the winch A, the wheel D wilt be moved one tooth 
by the ſcrew; and therefore, in 48 revolutions of the winch, 
the wheel D will be turned once round. Then, if the cir- 
+ cunference of a circle deſcribed by the handle of the winch 
A, be equal to the circumference of 4 groove e round the 
. wheel D, the velocity of the handle will be 48 times as 
n point in the groove. 

Conſequently, 


/ 


Friction. 


a third part more of the power to work them when loaded 
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. Conſequently, if a line G, goes round the groove e, and hag 
a weight of 48 pounds hung to it below the pedeſtal E F, a 


power equal to 1 pound at the handle will balance and ſup- 
port the weight. To prove this by expetiment, let the 
circumferences of the grooves of the wheels C and D be 
equal to one another; and then, if a weight H, of one 
pound, be ſuſpended by a line going tound the groove of the 
wheel C, it will balance a weight of 48 pounds banging 
by the line G; and a ſmall addition to the weight H will 
cauſe it to elend andfo miſe bee 


If alive G, inte 8 the 
wheel D, goes round its axle I; the power of the machine 
will be as much increaſed; as the circumference of the groove 
e exceeds the citcumference of the axle: which, ſuppaſing 
it to be ſix times, then 1 pound at H will balance 6 times 
48, or 288 pounds hung to the line on che axle: and hence 
the power or advantage of this machine-will be as 288 to 
1. That is to fay, a man, Who by his natural ſtrength 
could lift an hundred weight, will be able 40 raiſe 288 by 
this engine. Ifa ſyſtem of pullies were applied to the cord 
H, the power would be increaſed to an amazing exceſs, 
but it would be here as in all other mechanical caſes ; for 
the time loſt is always as much as the power gained, bo- 
cauſe the velocity with which the power moves, will ever 
exceed the velocity with which the weight tiſes, as much as 
the intenſity af the weight exceeds. the intenſity of the 


power. 


The frifion of the ſctevs itſelf is very conſiderablez aud 


there are few compound engines, but what, upon account 


of the friction of the ports againſt one another, will reguize 


than 
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than what gcc to confitce a balance . 
9 


| N ae 
axle, it-is as ſmall as the diameter of the gudgeons (added to, 
the power required to bend the rope) is leſs than the diameter 
of the wheel; but it increaſes according to the weight. 
with which the axle is charged. The like might be ſaid 


or againſt the ſides of the mortiſes in the block where 
they are placed. A new rope of 1 inch diameter, going 


equal to 5 pounds, requires a force of 1 pound or upwards 


mag force, 


| | Wood: greaſed, c 
friction; and the ſmoother they are, their friction is the 
leſs. Yet metals may be ſo highly poliſhed, as to havetheir 
GO e e e proces | 


Wood lides ber upon the ground in wet weather than 
in dry; and eaſier than an equal weight of iron in dry wea- 


orftcel running in braſs has the leaſt friction of any. Lead 
makes a great deal of reſiſtance. In wood, acting upon 
wood, preafe makes the motion at leaſt twice as eaſy. 
Wheel-naves, greaſed or tarred, go four times as eaſy as 


wood, has a friction equal to about a third part of the weight. 
| In rough W is almoſt equal to half the 


2 ͤ * 


& 


24 
19 


of the pullies, if they did not rub againſt one another, 


over a pulley 3 inches diameter, and pulled with a force 


to bend it; nnn diameter requires 4 times as 


ther: but iron Nlides eaſier than wood in wet weather. Iron 


when wet. Smooth ſoft wood, moving upon ſmooth ſoft 


* 


weight. In ſoft wood ops hid; -or hard wpon if the 


tals of the ſarkic ſort have more friction than different ſorts. | 


8 9126/8 


- ought to be made of the feweſt and ſimpleſt parts. The 
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friction is equal to about a fifth part of the weight. 


In poliſhed ſteel, moving upon poliſhed ſteel or pewter, 
the ffiction is about a fourth part of the weight; on copper; 
a fifth part; and on braſs, a ſixth part of the weight. Me- 


In general, the friction inereaſes irt the ſame proportion 
with the weight. The friction is alſo greater with a greater 
velocity ; but not fo great t A e increaſe of 


To jave the fiction of doe little as poſſible, they 


diameters of the wheels and pullies ought to be large, and 
the gudgeons of the axles as ſmall as can be conſiſtent with 
the required ſtrength. The ſides of the pullies ought not to 
be all over flat, but to hade & ſinall riſmg in the middle, to 
keep them from rubbing againſt each other's ſides, and 
againſt the ſides of their moxtiſes, at a diſtance from their 
axle. All the cords and ropes ought to be as pliant as poſ- 
ſible; and, for that end, rubbed with greaſe. Tho teeth of 
the wheels ſhould juſt fit and fill the openings, ſo as not 
to be ſqueezed nor ſhaked therem. All the parts which 
work into, or upon one another, ought to be ſmooth z the 
gudgeons ought juſt to fit their holes, and the working 
parts muſt be greaſed-· The rounds or ſtaves of the trundles 
may be made to turn about upon iron ſpindles, fixed in the 
round end boards, Ne eee, 
friction. 21 
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Let the ſtrength of all parts be in — da NG 
they are to bear, ſo as they may laſt equally well. He is by 
no means a perfect mechanic who only adjuſts the ſtrength 
to the ſtreſs, if he does not contrive all Bip parts.t0 laſt 
e eee po 2 __. 5 
eee eee eee ee eben ide 
machine ſo, as that the working power may always move 
to act one way, if it can be done: for this is better and 
eaſier performed, than when the motion js jaterrupted by 
the power's being forced to move firſt one way ang then ang- 


ther; becauſe every new change of motion requires a new |, 


additional force'to effect it; and à body in motion cannot 
ſuddenly receive a contrary motion withoyt' great violence, 
and danger of tearing the machine to pieces, But, when the 
nature of the thing requires that a motion ſhould ſuddenly 
be communicated to a body, or ſuddenly ſtopt ; let the force 
at againſt ſome ſpring, to prevent the machines at da» 
maged by a ſudden jolt, 


When a machine is moved by two handles, or winches, 


on the ends of an axle, the handles are ſo placed as that 


when the one is up the other is down; which is the worſt 
way paſſible of placing them, fave that of their being both 
up or down together, For, when a man raiſes a weight by 
means of turnjng a winch, he loſes half his force when the 
winch is upward ; becauſe he puſhes himſelf as much back- 
ward as he puſhes the winch forward ; and when the handle 
of the winch is down, directly below the axle, he loſes 
half his force; becauſe the winch pulls him as much toward 
it as he pulls it toward him : and, therefore, the greateſt ef- 
fect of his force on the machine is when he either pulls the 
Winch ous, on the fide of the axle next to him, or 


K puſhes 


Þ 2 
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puſhes it downward on the fide fartheſt from him. Yet, 
even in theſe caſes, the pulling” force is ſtronger” than the 
' puſhing. | 


* 


In order to remetly:thiyidefs& as much 8 poſſhle, the 


handles ſhould be fo placed as to ſtand at right angles to one 
another; and then, when there is a man at each handle, the 


effect of the one man's force will be greateſt when the 


effect of the other man's is leaſt upon the machine. Where 


as, in the common way of placing theſe handles, when the 


effect of one man's force is the greateſt, the other man's is 
ſo too; and When the effect of that man's force is tlie leaſt, ſo 


ulſo is — hieb e e eee, 
nahm | ; 
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bn the Caſio Wa Mills, it will Toe 14. 
. Iota Res Rules, | © 


1. EASURE be ok height of the fall of 


a which the n act, e e 
the fall. | 


: Wap this N 3 re 
of the fall in feet, and the ſquare root of the product ſhall 
be the velocity of the water at the bottom of the fall, or 


-the. e . e ow! mm 


N. 


III. Divide the pe of the. 8 three, hy 
\quoticatſhall be the velocity of the ſloat· boards of the wheel; 
or the number of feet-they muſt each go through in a ſe- 
cond, when the. water acts er on, 
OTE il. 


IV. Divide che e a . 
* of its floats in feet per ſecond, and the quotient 
hall be. eee, een tums 


1 
vn 


l 


Water, in feet, above that part of the wheel an 


as Yeocity of | 
| water, 


po | 


o- 
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v. By this laſt number of ſeconds divide 60, and the 


quotient ſhall be the number of turns of the wheel in a mi 


VI. Divide 120 (the number of revolutions a millſtone 
4 + feet diameter ought to have in a minute ) by the number 
of turns of the Wheel in a minute, and the quotient ſhall 
be the number of turns the millſtone ought to have for one 
turn of the wheel. 


VII. Then, as the number of turns of the wheel in a 


minute is to the number of turns of the millſtone in a mi- 


nute, ſo muſt the number of ſtayes in the trundle be to the 
number of cogs in the wheel, in the —_— 
bers that can be found. Page: P..-, 


By theſe rules. the following table is calculated toa water 
wheel 18 feet diameter, nde 1 TRA 17 21 a 
* 1 in n | 


— a e peer r Ul r 
of water, let the ſame be obſtructed by a dam acroſs the 
ſtream, ſo as to force all the water through a h or 
open ſpout i into a large veſſel or reſervoir ; by meaſuring ſo 
much water as ſhall be received as above, in any given time, 
viz. a ſecond, minute, &c, and myltiplying the ſame by the 
number of ſeconds or minutes in an hour, the whole force 
or impulſe of ſuch ſtream of water per hour; at any given 
height, may be readily aſcertained, In rivers too large to 
be meaſured as above, 'the force or impulſe: may be calculated 
from the ſpace that a ſtraw, floating upon the ſurface of the 
water, in any given time, and at a medium NE and 
whe! the river, will deſcribe, . 41 


Th 
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"The Mill Wright's Table. 
2 r 


mn, 


(32 ef gg = wheel pet | oyongoff ſaves — minue b 
minute. | xe trundle e ſtaves 

| —_— 12 = 
| — ny 2 — — 
7| 7. $6) 226) 2.23 9 els - 
| 4 3 = | 8. 3ÞE 
| 25 2 25 TPIE 23 
1 8 02 6% 2 83 42 40 254 6 119 84 
2 | 11 34 3 78 4 30 00| 210 7 120 00 
3|13 89 4 63] 4 % 24 144 | 196 8120 28 
4|16 04| 5:3 5 67 | 21 16 190 9g | 119 74 
5 17 93 8 9 34 | 18 gz | 1750 9g | 119 68 
6| 19 64 55 6 94| 17 28.].156-.9 | 120 20 
7 21 21.1 7 07 2 3010.00 14. 9.4 159 wand 
22 68 7 56 oz | 14 96134 9 | 119 34: 
9 | 24 05 52 8 $1] 14 10| 140 10119 14 
10 $ 351 8 45] 8 97] 13 38] 134, 10 | 120 18 
11] 26 59 8 86] 9 49] 12 76 | 128 10 | 120 32 
122 77 9 26] 9 8212 22 122 10 119 80 

1328 qt} 9 
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To conſtruQ a mill. by this table, find the height of the 


- fall of water in the firſt column, and againſt that height in 
the ſixth. column, you. have the number of cogs in the 
wheel, and ſtaves in the trundle, for cauſing the millſtone 
4 feet 6 inches diameter, to make about 120 revolutions in 
a minute, as near as poſſible, when the wheel goes with 
one third part of the velocity of the water. And it ap- 
peats by the 9th column, that the number of cogs in the 
wheel, and ſtaves in the trundle, are ſo near the truth for 
the required purpoſe, that the leaſt number of revolutions of 
the millſtone in a minute is 118, and the greateſt number 
never exceeds 121 3 which is according to the ſpeed of ſome 
of the beſt mills I have yet feens : | 


SY 


| 
| 
| A leſs quantity of water Wil hum an overſhot, than 
| | what will*turn an underfhot or breaſt wheel; as an over- 
| ſhot i is actuated by the ſtatical weight, or gravity, and the 
| 


* underſhot or breaſt by impulſe only; ſo that where there is 
but a ſmall quantity of water, and a fall great enough for 
the wheel to lie under it, the overſhot beet is always 
uſed. But where there is a large body of water, and little 

| fall, the underſhot wheel muſt take place. Where the wa- 

| | ter runs only upon a little declivity, it can act but ſlowly 
| 

| 


upon the under part of the wheel; in which-caſe, the mo- 
tion of the wheel will be very flow: and therefore, the float- 
boards. ought to be very long, though not high, that a large 
| FC body of water may act upon them; fo that what is wanting 
| - in velocity, may be made up in power; and then the cog- 
| | * heel may have a greater number of cogs, in proportion to 
| the rounds in the trundle, in order to-give the millſtone a 

| ſufficient degree of velocity, 


" 
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The Matador ting out a aa Wheel aid — 
55 3 29-07 ar 
Dia, the pitch lines, A . S= 4m 21 then geen. 
divide them into the number n 8 


as a be. a of 


Divide one of thoſe diſtances, as b c, into ſeven equal 
parts, 7. 2; 3. 4. 5; 6, 75 three parts allow for the thick- 
neſs of tlie cogs, as 1, 2, 3 in the cog a, and four for the 
thickneſs of the ſtave, of the wallower (one reafon for 41 
lowing three parts for the cog. and four for the ſtave, is, the 
wallower is in general of leſs diameter than the wheel, 
therefore ſubject to more wear in proportion of the number 
of cogs, to the number of ſtaves; but if there is the ſarfie 
number of ſtaves as of cogs, they may be of equal thickneſs) 
as 1, 2, 3, 4, in the ſtave m. fig. 2; the height of the cog is 
equal to four parts; then divide its height into five equal 
parts, as I, 2, 3» 4. 5» in the cog C; allow three for the 
bottom to the pitch line of the cog ; the other two parts for 
epicycloid, ſo as to fit and bear on the ſtave equally. The 
millwrights in general put the point of a pair of compaſſes 
in the dot 3, of the cog a, and ſtrike the line d, e; then re- 
move the point of the compaſſes to the point d, and ſtrike 
the curve line 3 f, which they account near _ the 
| fg of the epicycloid, | 


The method for a face wheel is thus ; divide the pitch Fig. 2. 
line A Binto the number of cogs intended, as a be; divide | 
the diſtance bc, i into ſeven equal parts; three of thoſe parts 
allow for the thickneſs of the cogs, as 1, 2, 3 in the cog a, 
four for the height, and four for the width, as d e, and four 

for the thickneſs of the ſtave m; draw a line through the 

F center 
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center of the cog, as the line A I, at S; and on the point 
5, deſcribe the line d e; remove the compaſſes to the point 
A, and draw the line f g. which torms the ſhape of the tog; 
then ſhape the cog on the ſides to a cycloid, as def g. Fig. 
1. But this method of ſetting out the ſhape of a cog is 
variable, according to the cydloid i in different diameters of 
n 5 
| Spur VE. In common four nuts, divide the ditch line 45 into wwice 
C Fig. 3. as many equal parts as you intend teeth, as a, b, e, d, e; 
| with a pair of compaſſes opened to half the diſtance of any 
of thoſe diviſions, from the points a 1, c 3, e 5, draw the 
ſemicircles % E, and e, which will form the ends of the 
| teeth, From the points 2, 4, and 6 draw the ſemicircles 
* g h i, which will form the hollow curves for the ſpaces; but 
| if the ends of the teeth were epicycloids, inſtead * {emis 
| circles, they would act much den, 


| 11 rr vue f Bru Ger, 50 


|| Bevel Geer, NONSISTS ; in two cones, rolling on the wrlicr of each 
| Fig. 4. other, as the cone A and B revolving on their centers 
ab, ac; if their baſes are equal, they will perform their re- 
volutions in one and the ſame time, or any other two points 
equally diſtant from the center a, as d 1, d 2, d 3, &c. will 
revolve in the ſame time as f 1, f 2, f 3, &, In the like 
manner, if the cones a d e, be twice the diameters at the 
| baſed e, as the cones a f d are, then if they turn about 
I : their centers, when the cone a ſ d has made one rev olution, 
| the cone a die will have made but half a' revolution ; or 
when a fd has made two revolutions, ade will have made 
but one, and * part is pes diſtant ſrom the center a, as 
off 1. 


Fig. 5 and 
6. 
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14113 &c. will have made two revolutions to e 1, 

e 2, e 3, &c. and if the cones were fluted, or had teeth cut 

in them, diverging from the center a, to the baſes d e, e f, Fig. , and 
they would then become bevel ger. Tie teeth at the 
point of the cone being ſmall and of little uſe, may be cut 

off at E and F, Fig. 8, as ſeen by Fig. 9, where the up- Fig 849 
right ſhaft, a b, with the bevel. wheel, c d, turns the bevel 
wheel, e f. with its ſhaft b g, and the teeth work freely 

into aach other as ab Fig. 10. The teeth may be made pig. 10. 
of any dimenſion/ according to the ſtrength required; and 

this method will enable them to overcome a much greater 
reſiſtance, and work ſmoother than a face wheel and wal- 

lower of the common form can poſſibly do; beſides, it is of 

great uſe to convey a motion in any dit̃ection, or to any 


part of a building with cha leaſt trouble and friction. | 


The method of conveying motion in any Aegis 5 
proportioning or ſhaping the wheels thereto, is as follows: 
let the line a b. repreſent A "ſhaft coming from a wheel; pig. ,,, 
draw the line c d to interſect the line a b, in the direction, 
that the motion to be conveyed i is intended, which will now 
repreſent a ſhaft to the intended motion. K n 
Again, ' ſuppoſe the ſhaft cd is to revolve three times, 
whilſt the ſhaſt a b revolves once, draw the parallel Tine i * 
at any diſtance not too great, ſuppoſe 1 foot by a ſcale, then 
draw the paralle] line kk at 3 feet diſtance, after which, 


draw the dotted line w x, through the interſeckion ot the WE. 
ſhafts a b, and c d, and likewiſe through the interſeQion of | 
the parallel lines i i and k k, in the points x and y; which 
will be the pitch line of the two bevel wheels, or the line 
where the teeth of the two wheels act on each other, as may 
F2 be 
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Fig. 12. he ſeen Fig. 12, where the motion may be conveyed in any 


Tig. 13. 


Fig. 14. 


Fig. 15. | 


not regarded, for as it recedes from a right line, its motion 
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recti 


The univerſal joint as repreſented, Fig. 13 may be applied 
to communicate motion inſtead of bevel geer. Where the 
ſpeed is to be continued the ſame, and where the angle does 
not exceed 30 or 40 degrees, and the equality of motion is 


becomes more irregular. This joint may be conſtructed by 


a a croſs, as repreſented in the figure; or with four pins 


faſtened at right angles upon the circumference of a hoop, 
or ſolid ball, it is of great uſe in cotton mills where the 
tumbling ſhafts are continued to a great diſtance from the 
moving power. But by applying this joint, the ſhafts may 
be cut into convenient lengths, by which it will be enabled 


to overcome greater reſiſtance. 


i_ deſcribe the Cyclaid and Epicyclaid, of Uſe:i in Shin the 
' Teeth of Wheels, &c. 


1 F a point or pencil a, on the circumference of the circle 
B, proceeds along the plane a C, ing right line, and 
at the ſame, time revolves rand: its center, it will ee 2 
cycloid. 


"And, if he generating circle D, moves along the cir- 
cumference of another circle E, andat the ſame time turns 
Wat its center, the en 0 mil We an Merce. 
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e 
Brief Hiſtory of Electricity. 


HOUGH it is certain ever ſince the creation of the 
world the electric fluid had all the operations it has at 
preſent; yet the diſcovery of its action and even of its ex- 
iſtence is (comparatively ſpeaking) of a very late date. 
Maler the Milefian, who lived 600 years before Chriſt, Eleftricity 


was the firſt who obſerved the Anita a 


ber. Of theſe indeed, he knew no more than that this 
ſubſtance would attract light bodies when it was rubbed. 
For 300 years after his time, we hear nothing further 


4 concerning this ſubject. Theophraſtus then tells us that 


the Lyncurium (now called the Tourmalin), has the pro- 
perty of attracting light bodies, as well as amber. From 
this time there is a chaſm in the hiſtory of eleQricity for 


1900 years. It was in the beginning of the x7th century 
that the ſubject of eleQricity became u diſtinct ſcience, . er 
the foundation was laid of thoſe diſcoveries (which have *** 


ſince taken place; ) by Dr. William Gilbert, an Engliſh phy- 
ſician, who may juſtly be called the father of eleQxicians z 
in the year 1600 he wrote a book De Magnette which con- 
tains a variety of electrical experiments. All theſe how- 
ever conſidered only the attractive property of certain ſub- 
| ſtances, which, from their agreement in this reſpe{t with 
amber, were called electric. Dr. Gilbert's merit conſiſts in 
| _- having deen at greatpaits to find out a fiumber of ſuch _ 
ſubſtances, 


| Guericke, 
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ſubſtances, and thus conſiderably enlarge the number of 
clerics. 


Nr Perles Till the year 1670, it does not appear that any farther 

improve- | 

mentss diſcoveries were made; except ſome trifling additions to 
the catalogue of electrics. About this time Mr. Boyle 
applied himſelf to the ſtudy of electricity, he entarged the 
catalogue of electrics; and found that their eleQric pro- 
perties were increaſed by warming and wiping them. before 
they were rubbed. N 


Diſcoveries Otto Guericke, however, who was cotemporary with 
of . OW Mr. Boyle, improved the ſcience much farther. He 


like our preſent glaſs globes; by which means he excited a 
greater power of electricity than any of his predeceſſors, 
and tried all their experiments to much more advantage. 
He diſcovered the electric repulſion; and not only ſaw the 
electric light more clearly than Mr. Boyle, but heard the 
hiſſing ſound with which it is emitted. He alſo. made 
another remarkable diſcovery, but which has ſince been 
very generally overlooked ; viz, that à feather, when re- 
pelled by an excited electric, always keeps the ſame face 
towards the body which repells it, as the moon does to the 
earth. ä 0 


Diſcovery The next fifomny of any moment was made wi Six 
—— Iſaac Newton; who obſerved, that the electric attrac- 
Mr. tion and repulſion penetrated through glaſs. In the year 
— 1709 a treatiſe was written on electricity by Mr. Hawkſbee; 
provements] who not only far excelled all his predeceſſors and cotempo- 
raries, but alſo made ſome diſcoveries which well deſerve 

the attention of the moſt expert electricians at this day; 

| | et he 


made uſe of a ſulphur globe, whirled on an axis, much 
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he vas the firſt that applied a glaſs globe to the machine, 
and he remarked various appearances of the electric light 
and the noiſe that accompanied- it, together with a va- 
riety of phænomena relating to electric attraftion and re- 


6 , 
— 
. | | 2 » , - ' 125 I ; 
pulſion. 30 | wh | h A 
y ” * g 


After his death, not only the uſe of glaſs globes, but 
even the ſtudy of electricity itſelf, ſeems to have been pretty 
generally laid aſide ſor ſome time. The reaſon of this 
was, that the recent diſcoveries of Sir Iſaac Newton, en- 
grolled the attention of philoſophers to ſuch a degree, that 
they had ng leiſure for any other purſuits. However, after 
the death of that great man, electricity began to revive, 
and in 1729 a capital diſcoyery was made by Mr, Stephen 
Grey, who (by his curious obſervations) found out the x. Grey's 
difference between electries and conductors; who, with the diff. 
aſſiſtance of Mr. Wheeler, contributed much to the ad- 
vancement of electricity. Soon after, Mr. Du Fay acci- 

demally diſcovered the difference between poſitive and ne- * 
gative electricity, by obſerving that a piece of leaf gold 7 
repelled by an excited glaſs tube, was again eagerly at- 
tracted to it, after it had touched ſome body which was not 

an electric; the ſame was alſo the caſe with roſin, ſcaling 

Wax, ſulphur, me a number of other ſubſtances. 


It may be obſerved, that although the ſcience had, through 
the indefatigable attention of ſo many ingenious perſons; 
and þy the diſcoveries that were daily produced, excited the 
curioſity of philoſophers, and engaged their attention; 
yet, as the cauſes of every thing, whether ſmall or great, 
are ſeldom much attended to, if their effects are not parti- 
cularly ſtriking and ſingular; fo electricity had till the 
year 1746 been ſtudied by none but philoſophers, until 


that 
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that capital diſcovery of the vaſt accumulation of its power, 

in what is called the Leyden Phial, was accidentally made 

— wanr by Mr. Muſchenbrotk in the year 1746, at which time the 

Aperimen. ſuudy of electricity became general, and gave more furprize 
— even to philoſophers, than any other ſcience Whatever; 

ſrom the time of this diſcovery, electricity became the ge- 

neral ſubject of converſatĩon, and great numbers of people 

Ser heir Kyblithood by gg about amt Mocisg its culichis 


phænomena. It was alſo applied medically, and ſeveral per- 


N Medical 
| clercity ſons found great benefit by it, particularly a paralytic perſon 
[it ed. l- cured at Geneva, another of a violent pain in his head, alſo 


0 a woman of a diſorder in her eyes at Bologna; fo that from 
this time we may date the introduction of electricity into the 


| medical art. It is impoſſible to enumerate all the happy ef- 

F ſects which have been performed in curing: various difor- 

1 ders incident to the human Body by eleckrical -appli- 

þ The ſcience of electricity has ſince the above period been Z | 
i greatly improved by the indefatigable induſtry of the cele- il 

| brated philoſophers, Dr. Franklin and Dr. Prieſtley; but it 

M would be endleſs to enumerate all the improvements that 

5 have been made by a great number of other gentlemen, who 

=. have each added ſomething towards its advaricernent ; but 

| | whoever would make himſelf acquainted with the parti- 

i culars concerning thoſe advances, ſhould read over the ela- 

[i ; | borate hiſtory of electricity compiled by the learned Dr, 

| Prieſtley, a work that will inform him of whatever had been 

| done relative to the ſubject till its publication. 
| jibe a4 : 
| | 
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"PHD (nk and all the bodies 8 wad 
are ſuppoſed to contain a certain quantity of an exceedingly 
elaſtic and ſubtle fluid, which philoſophers have agreed to 
dies, may be called their natural ſhare ; and ſo long as cach 
body contains neither more nor leſs than this quantity, it 
ſcems to be wholly dormant, and produces no ſenſible ef- 
fect; but the moment that the equilibrium is diſturbed, 
and aby body becomes poſſcfiedof more or leſs than its na- 
tural quantity, very remarkable effects ariſe from it. The 
body is ſaid to be electrified, and is capable of exhibiting 
appearances, . to the power of elecueley, * 


This equilibrium could never be diſturbed, or, if it was 
diſturded, would be immediately reſtored, and therefore be 
inſenſible, dut that ſome bodies do not admit the paſſage f 
of this electric fluid through their pores, or along their ſur- 
faces, though others do. By this means, whenever any 
body has acquired an additional quantity of electric matter, 
and is every where ſurrounded with bodies through which 
it cannot ' paſs, it muſt" remain overloaded; or, if it have 
loſt part of what naturally belonged to it, it muſt remain 
exhauſted 5 becauſe the ſurrounding bodies prevent any of 
the fluid from going to it, or coming out of it; and the 
toly is then ſaid to be inſulated. Thoſe bodies, through 
which the electric fluid can pals, are called conductors, 
and thoſe through which it cannot paſs are called non- con- 


ductors of electricity, and into theſe wwe kinds on bodies 
whatever are claſſed by electricians. 


. The 
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The beſt conductors of electricity, or thoſe which ad- 


mit the electric fluid to paſs through them with the greateſt 


Plate III. 
Fig. 1. 


eaſe, are metals of all kinds. And the moſt perfect of the 
non-conduQting claſs, of bodies are, glaſs, roſin; ſealing- wax, 
ſalphur, bees-wax, and baked wood, among ſolids; and 
oils and air among fluids. But all ſubſtances become con- 
ductots when they are made very hot. They are alſo 
called electrics, and the nn n are FROM 
von- deckte. mor | 


+, The coded af diſturbing the clo of the ede 
fluid in bodies, or of making it paſs from one to another, 
is chiefly friction, or a ſlight rubbing of them one againſt 
another. In this caſe, the electric fluid will, in general, 
leave that ſubſtance which has the rougher ſurface, and paſs 
upon the other which is ſmoother ; ; or it will leave that ſub- 
{tance which is leſs perfect eleQtrie, and pals upon the other 
which is the more perſect electric of the two. Thus, if I 
take a ſmooth glaſs tube (ſuch as is repreſented) and draw 
it through my hand, the effect of that friction is, that the 
electric matter leaves my hand, and paſſes upon the glaſs, 
where it will remain, as an addition to its. natural quantity. 
For as neither the glaſs, nor the air which, ſurrounds it, 
are conductors of electricity, this redundancy of the electric 
matter cannot poſſibly get away; but if my finger, a piece 
of metal, or any conducting ſubſtance, be preſented toany 


part of the glaſs, thus overloaded with the electri fluid, it 


will paſs immediately from that part into. them ; and if they 
be preſented to every part of the tube ſucceſſively, the whale 
of this redundant electricity will be diſcharged, and every 
thing will become juſt as it was before the operation, The 
glals, in this caſe, is ſaid to be excited; becauſe the friction 

| 5 ſeems 
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«ſects toexcite, or call up the electric power which it had. 


re. but which lay dormant in is. 
* 


— 
2 — whided in 3 
machine, Ihe friction of the glaſs againſt the rubber, 
es the Hdd fluid, which was in the rubber, paſs upon 
ie glaſs, from whence it is conveyed to the prime con- 
jpRor, the points of which are preſented to every part of 
te And, as the friction is continued, 


will, by this means, be a conſtant ſupply of the elec- 
matter to the prime conductor, though other bodies be 
pfteſentge g. 50. ib, and keep: diſcharging it all the while, in 

Viſible ſparks. - The hand in the former of theſe caſes, and 
Tubber in the latter, which had parted with their ſhare 
the electric fluid to the glaſs, againſt which they were 
wa. bps ſupply from the conducting 
ſtances in contact with them; and theſe are again ſup- 
Hoy te gre ma of the ud ghar ane 
e. LI, 
t 


: 


10 


1 Long rd ear os 
5 of ſulphur, or a tube of rough glaſy 
er 


effe&. of the friction is, that 2 quantity of, electric 
longing to the ſulphur, &c. paſſes from 


mY ſparks of electric fire from any bodies that are pre- 


Uchte d te 1. Bye it is impoſſible to diſtinguiſh by the eye 
iam ma paſſes, its velocity is ſo ex- 
6 e this aſs, . 


it| to my hand, and the ſulphur being ſurrounded by the sit. 
ich is a non-conduQor, remains exhauſted, and is ready 
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Produced by them are, in many reſpefts; ſimilar, The 


appearances which lead us to diſtinguiſh r 


3 ee | | 
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. which 
all the phenomena of electricity depend, are, chat it is, in a 


much higher degree than air, elaſtic, and repulſive of itſelf; | 


that two bodies, having both of them either more or leſs 
than their natural ſhare of it, repel one another; but that, if 
one of them have more, mene ſhare, 
r eee I edu n. 


= 


1 


Thus, if T hang a band er nm 0 or ſeathers upon the 
übe conductor, the moment I electrify them, by turning 
the wheel of the machine, they begin to fly from one 
another; ſo that ſome of them will ſtand quite ere; in a 
beautiful manner, and they cannot be made to collapſe, and 
be l brought into contact with one another, till 1 diſcharge 
the conductor, by taking a ſpark from it with a piece of 
metal, or fome oller conducting fibſtance.” A large 
plum) feather, alſo grows beautifully turgic when it is 
electrified, expanding its fibres in all — W 
ollapfe when the . taken * . 

214 SI8 2852 21564 THE © + 10 + 4 
os FEA hen inn e a bundle of thinks, lein, or hx 
chers, Art preſent them to: the electrified oonductor, the 
-deAvie fluid, 4vith which the conductor is overloaded, re- 
bend tßze cle ctrIe Hd from thoſe parts of the threads} dc. 
vhick are next to- it, into the more diſtant parts of thoſe 
bodesf or inte n mene the com- 
2 ſequence 
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ſequence of which is, that the threads having leſs than their 


natural ſhare, do ſtrongly/repel and avoid: one another, and, 


ſented: to it would have had more than their natural 
ſhare z ſo that, ſill, the ſame.appearance.of mutual. repul- 
ſion, and of attraction by the conductor, would have taken 
place: and uniyerſally, all bodies that are brought within 


fluid. become poſſeſſed. of a; contrary electricity. For the 
ſame reaſon, excited electrics of every kind attract all light 
bodies r ſphere of theis in- 


e 178 Der "44 to 22 — - kt 1 of "8% 


„elsa and repulſton ars eshibitzd ift A very; 


at the ſame time, are all ſtrongly attracted by the conductor, 
deprived of its natural ſhare of electricity, the hodies pre- 


* 
£ 


72 


pleaſing manner, by means of a glaſs tube and a feather. ment. 


When the tube is excited, by being drawn through the 


hand, or a rubber, the feather when brought near it, will be 


attracted and jump to the tube; then, after taking ſome 
time to get fully faturated with electric matter, (becauſe 
being a bad conductor, f it can receive it but very ſlowly) it 
will ſuddenly jump from it, and fy towards the next con: 
ductor, upon Which it may difcharge the redundant elec» 


tricity it has acquired. If no other body happen to be in 


the way, it will tend towards the ground; but if the 
eleQrified tube be held under it, it wilt ſtill be repelled; and 
driven into the middle of the room, Where it may be kept 
ſuſpended, or be driven about in al are ion, almoſt as 

long as a Pere, Peeaſes. if the air be d. — 


"GO; nals dee 


— of-eleQrical peraſtion and repel 
fon are ſhewm 3 rn — 2 


Hide 
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Fig. 3. the machine. Suſpend a plate of metal from the conduttor; 
whichiis ſupported by'two pillars of glaſs, and muſt he ſup- 
poſed to be fupplie® with elericity from the globe and 
underneath it; at the diſtanco of about three or ſour inches 
another plate of the ſame fize ;- upon the lower'of 
theſe plates lay a feather, or u. ſmall ſlip of lightpapet; and; 
as ſoon as the Wheel begins to turn, the feather or the 
paper, vill be aterz Sed, and jump to ihe upper plate F; 
from which it will be immediately repelled, and fly to diſ- 
charge itſelf upon the lower plate P, whichiis ſupported on 
the pedeſtal H G; after which it will be ready to be at- 
tracted and repelled again. Fhus wilt the feather, or paper, 
fly from the one plate to the other alternately, and with in- 
conceiveable rapidity if the electrification bei pretty vigor · 
ous. When the pieces of paper are cut into the ee 
men and women, OY, SOR 75 ere 

- GP amuſing. BEL! 
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ElcAuicat Tb ems will be the more diverting, if it be ac, 
- ph companied with that of, the electrical bells, which depends 
upon. the ſame principle. Four bells, arb. c, d. hang from 
braſs rods, communicated with the prime conductor, ang 
another bell, e, fixed on bras pedeſtal A, N oct 
Sound; and four ſmall, braſs balls, ſuſpended by ſilken 
_ "threads, bangs: /herween. 3, b. c, d, and the bell e in the 
middle. The conſequence of this, dſpoſkion. is, that the 
| outermeſt hells, which, hang from the prune conductor by 
& ws rin bl 
5 Which. hang bydilk ; and the attraQign heing vigorous, they 
| are made to ſtrike che bells with ſame f and m 
them ring. Being then loaded with eleQricity, they are 
immedrately repelled from theſe outermoſt bells, and fly 


e ⁰ 6 ſtrik ing upon the -middle bell, 
which 


S 4 
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which is inſulated by the glaſs pillar B. upon the pedeſtal 
A; and fram which the electric matter paſſes to the floor. 
Sy means of the braſs pedeſtal A. The braſs balls, which 
now may be called clappers to the bells, are then ready tobe 
attracted by the outermoſt bells, as at firſt; and thus the 
ringing may be cyntinued as long as it is agreeable. The 
amuſement will be heightened, if the electrician now an 
finger, for then the dancing and ringing will ceaſe, and 
will not be renewed till his finger or the rod be removed. 
If he conceal this application of his finger, or the rod. 
with a little art, mam m 
gr at ee m e 


7 


of the Burk . 


WHEN 1 vin 2 Wer a, or any 8 
good conducting ſubſtance, to the overloaded prime con- 
ductor, the electric matter will paſs with violence fromm 
the one to the other; an electric ſpark, with the appear- a 
ance of fire, will be ſeen darting between them, and a report, 
which is uſually compared to a ſnapping noiſe, will be 
heard, I the piece of metal that is preſented to the prime 
conductor, be inſulated, ſo that it cannot immediately loſs 
what it receives, it will take only part of the charge from 
the prime conductor (the whole of the redundant eleQricity 
being divided between them, in proportion to their ſurfaces) 
and either of — ey ns 7 another 
2 worte . is e age 


% 
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el labs, or baked wood (ſuch as is repreſented) and takes Tis: 7. 
in 
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in his hand a, chain faſtened to the prime conductor; being 
then inſulated, he may be conſidered as part of the prime 
tonduQtor, and any part of his body will exhibit all the 
ſame appearances which the prime conductor itſelf will do. 
Thus, if the finger of any perſon ſtanding upon the floor 
be preſented to him, a ſpark of fire will ſeem to iſſue from 
him, and both he and the perſon that receives it will feel a 
painful ſenſation, like a pricking; and the ſame ſnapping 
noiſe above-mentioned will be heard. Every part of his 
body will then attract light ſubſtances; and the bits of 
Feathers, or the human figures above-mentioned, cut in 
paper, and laid on a plate, will perform the ſame dances that 
were mentioned before, if. the palm af his hand be expanded 
over them. Alſo the hairs of his head, or of his wig, if 
they happen to be looſe, will repel one another, and many 
| of them will ſtand upright. As theſe electric ſparks, which 
| are attended with a ſenſation "moderately painful, will be 
excited wherever he is touched, or wherever he touches any 
| bother perſon, this e e will oy furniſh 0 
| | — a V 
3 The electric ſpark has not eh the Ae 2 fire, 
fer on Fire hut is capable of actually ſetting fire to various fubſtances 
3 that are eaſily inflamed ; but the inflammation is probably 
[produced by dh id mation; ie b de . of (il 
| | the ſubſtances are thrown, by the action of the electric 
BR matter upon them. Thus, if ſpirits. of wine, be held 
ö iin a ſpoon, and an electric {park be drawn from the 
N ſpoon, ſo as to paſs through any part of the ſpirits, they 
ö | will catch fire, and burn as if they had been lighted by 2 
| candle. The ſpoon in which the ſpirits are contained, may 
either be connected with the prime conductor, and the 
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(park drawn through them by a fk ala on the floor; 

or the ſpoon may be held by a perſon ſtanding on the floor, 
and the ſpark be drawn through them by a braſs rod, either 
connected immediately with the prime conductor, or held 
in the land of a perſon ſtanding on the ſtool, in the manner 
mentioned above. If a candle be blown out, and an elec- 
tric ſpark be immediately drawn through the ſmoke, it will 
often be lighted again; but it requires a pretty ſtrong ſpark, 
and ſome degree of dexterity and experience in the operator, 
to produce this effect with certainty. | It will de more 
amuſing, and the effect will be as certain, if the 8 
drawh through 3 the end of a c 5 — 


Not da the Baues of feeling, ſoeigy and vary): 
affected by electricity, in the manner deſcribed above, but 
it is even ſenſible to the ſmell, and the taſte. If a pointed 
IF braſs rod be electrified, either by being faſtened to the prime 
conductor, or held in the hand of a perſon eleQrified, and 
another perſon ſtanding upon the floor, preſent his noſtrils 
within an inch or two of the point, he will feel a ſtrong 
and diſagreeable ſmell, like that of burning ſulphur; and 
if he receive the electric effluvia iſſuing from the point 


pon his . he ee taſte, Nl e 
acid. Se | 


of 110" Ott 24h = | | | $ 
* 8 „ 
eld enious friend the Reverend Mr. Timothy Prieſtley uſed; on 


count of its ſimple conſtruQion as not being liable to be : 


ut of order ſoon, having no wheel or ſtring either to make 
ny noiſe or need alteration ; it may be fixed firm on a 


; 
4 


may dle, and taken; off in u moment and dm gebe nun bo 
we aken out with the greateſt eaſe, in order to be packed up. 
pack en the inſide of the globe is lined with his compoſition 
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hereafter mentioned, it will produce, more fire, than 180 
"any other compoſition v which I know, of. ts 
. , 

The ſpring S that is repreſented in the plate, in for thoſ 
that care n not for having, the rubber inſulated, but thoſe that 
are more curious may have them made with the rubber well 
inſulated, by a glaſs pillar, that will. hold the rubber to the 


back paxtof the globe, as repreſented, Paws I; Fig. * 


The con- 


| Fie..2 2. Aria pleok ene 8 nd 


| Rrution of I inch Il quarter thick, in which a pedeſtal B is fixed; C is 


ab n. an iron axle to which is fixed a braſs cap, and to which'the 


cal ma- 


chine. 


globe G is firmly cemented, and runs in a braſs ſocket E, 
through the middle of the nen and turned wy the 
n H. 12 e ” vc 


RI is the . is made b 
the curve of the globe, to which is fixed a leather covering. 
Which being at a little diſtance from the wood in the 
middle; it will Yield, to. the 7 8 5 on the . the 
better. FR W * We 


FOE) 
oY 


On this leather is unsther leather, which will take off by 
taking out a pin; on this the amalgam is rubbed, and 
being ſo eaſily taken off, is more readily brought into order 
than thoſe which have only one leather, and that fixed to the 
rubber.. To this outermoſt leather, i is fixed 2 piece "of Black 
ſilk, which reaches half round the globe, "and greatly « en- 
creaſes the fire, ſo that it will give fite well, if the rubber 
ſcarce touch the globe; this machine will ſuit any nd of 
— conduQor, but I 3 A * covered with tin-foil 

"they 


bwl EBOr 1 
they being, ik" ivy pinion, the "moſt compa@t, ind rein. 
TY electrical effluvia Val tha ; any 0 other ſhape, | | 
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-THE "_ Aach Pediet 455 bodies are; * more 
caſihy do they take or part with te electric matter. Thus, 
if a needle, or ſharp pointed wire, be faſtened to the prime 
conductor, it will retain but a ſmall degree of electricity, 
and cohſeguently, in give but x ſmall "ſpark; when the 
| finger or piste of a met. is prelented to it. Alſo, if the : 
needle, or ſhatp pointed wire; de held in the hand of a per- 
fon ſtariding upon tie floor, And preſetited to the conductor, 
it will, Ukewiſe; be found to retain but a ſmall degree of 
electricity. Il the former of theſe: caſes,” while the needle 
Vis in contact im te prime conductor: the electric martet 

went off at the point; and was diſperſed in the Air, or 


4 among the conducting particles which? ate always floating in 
g the common atmielßbere. In 'the latter "caſe; the neellle? 
being preſented towards the conductor wichen OR 
wan Rem iter u coaierably andre hae) erw 
„ Aion worn od £300 nnen De | 1 1 ter! + 12 b. 
? "Tf theſe ue nds fe he: 4 Bale wil be 
| 


ſn at tlie point of the necdte of Wire; but the appedt 
unces of the fire will bot be tis Hate in bock Ces, but 
conſiderably different ; ſo that it may always be percxtved 
by the eye, whether, according to the common theory, wy 


m I TO" or giving or che cleehic wer,” Ws 
WO Fn” gry 01 Neg. 
1 * Tfthe ap pointe? wire be giling out the Gele rights 2 
5 the flame will be large; che parts of Which it cobhlts wil 
ie 


de feet; and, if the point de got very acute, à kind Of 
£133 H 2 55> ſnappi 
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'i amin noiſe will be heard as the electric matter is iſuing. 
{ out of it into the air: whereas, if the pointed wire be receiv- 
ing the electric matter, the flame will be much ſmaller, and 
more globular; the parts of which it conſiſis will be more 
in number, and the noiſe that is made will be a kind of 
| hiſſing; the flame iſſuing from a body, on account of. its 
i oblong form, is called a pencil ʒ and when, the rays; come 
| to a point they en Nenn and it 
5 an cue en d crave half. e ben n! 
j WG 
| 5 The reaſon why hoy bebe 8 the cleAric fluid 
\ Vith ſo much eaſe, has not yet been thoroughly explained, 
| | but the effects of it are exceedingly remarkable. The ca- 
 - pital uſe that has been made of this obſervation, has beep, 
j to draw the electric matter from the clouds, and thereby to 
| prove, that lightening and electricity are the ſame thing. 
j For if a long rod, or pole, with a ſharꝑ pointed wire at one 
ö end of it, de ſupported by electric ſubltances, the paint, 
i projecting towards the clouds, will draw the electric mat- 
| ter from them, and become ſenſibly.charged with electricity; 
j | juſt as it would have been from being connected with the 
| prime conductor of an electrical machinę, It will attract 
| | light bodies, ſparks of electric matter may be drawn from it, 
| and it will exhibit every ther appearance of common elec- 
lf tricity ; as, on the other hand, hy common electricity, we 
þ e en eee e 
9 | unn. 
| | | fora denden experimgnta depend, on this progeny of 
| nf pointed bodies, to tranſmit the electric fluid. If a plate of 
ö iin de cut into the form of 2 ſtar, and be ſupported on its 
0 center D by a yire projecting from the prime conductof 
| my. W . 
5 * 
| 


\ 
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this apparatus electrifled, a flame will appear at the extre- 
mity of every angle of the ſtar, which will be very beauti- 
tul; andif the ſtar be made to turn ſwiftly on its center, an 
entire circle of fire will, he ſeen in the dark. This experi- 
ment will be very ſurpriſing to perſons unacquainted with 
electricity, if the operator, 'now and then prixately touch, = 
the prime conductor, which may caſily bemanaged, as it is 
performed in the dark, for, by this means, he may com- 
mand the eee eee eee 

5 canine 


bros vil > e 
at ehe angie, in the fame plane, but pointing different 


ways, and be made to turn. upon à center D; the moment 
it is eleQrified, a flame will be ſeen at the points a bed; 


but what is moſt ſurpriſing in the experiment i is, that the 

wire will, at the fame time, begin to turn round, in the 
direction oppoſite to that to Which the points are turned, as 

if ſome viſible power acted upon the points and puſhed _ 
againſt them ; and,Af the electriſication be "liked; the 
motion will aten become very * 1 
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"If the figures of . cut in paper, be RE 
theſe wires, and they be ſo contrived, that the points ſhall beser. | 


0 be in their tails, the experiment will be very beautiful; the a 

f horſes will ſeem to purſue one another, though without 2 | < 
poſſibility of any of them overtaking the reſt; and this 
is called the electrical horſe- race. It i is poſſible to make ö 
ſeveral of theſe wires, each haying a conſiderable number of Ka . 


points bent backwards, with horſes, &c. faſtened to each of 
them, and turning one above another ; and then, ſome of 
them may be contrived to move faſter than the others. They 
mme. 335 19 
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ment 1. 
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feveral of the experiments a tendy deſeribed, che etnarkable 
Property, thit ports Have, both of "throwing öff, 4nd re- 


eiving filentiy the electric fluid; but hertafter 1 ſhall de- 
ſcribe ſoit more curious experimierits of this kind, by which 


the influefce'bf points, in reſpect of eleAricity, may be 


better underſtood, and which may, in a rere particular 


manner, demonſtrate the utility of metallic conduQors to 
houfes, or piles of büflding. i order tö preſerve them from 
the damage often occaffotied by a ſtroke -6f liglitening, 
which is one of the greateſt benefits 12 triarkind has fe- 
Sagan tk Dre rte 
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8 3 if "4s L7 % Fi 
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The Danny . 


Fl xX 2 pointed wire upon che prime ele with the 
point out ward; then take a glaſs tumbler, graſp. it with 
your hands, and preſent its inſide ſurface to the x point of the 


wire upon. the prime conductor, while. the machine i is in 


motion; z. the glaſs in this manner will ſoon become cl ; 
for its inside ſurface acquires the eleQricity from x the points 
and its outſide” loſes its natural quantity « of eleQric fluid 
through the hands, which ſerve as a coating, This done, 
put a few pith balls upon the table, and cover them, with 
this charged glaſs. tumbler. balls will immediately 
begin to leap up along the ſides of the glaſs, as repreſented, 
and will continue their. Motion for a conliderable ti time. 


- fri this experiment the pith balls are dträcted unt re- 


pelled by che eletic fluid An uport the infide for. 
face 
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face of the glaſs, which they gradually conduct to the table, 
or other conducting body upon which the glaſs is ſet; at 


the ſame time that the outward ſurface of the glaſs acquires 


the electric fluid from the contiguous air. This exppri- 
ment may be made more diverting by having a glaſs cylin- 
der three inches long, and the fame in width, open at both 
ends, with a braſs plate fixed on its top put, any number 
of balls you pleaſe, and electrify the braſs cover, and the 
balls will dance with a very rapid motion, which will con- 
wn go gn oh en l 


; 
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ry prove hat 2 2 11 lar, become, Condudters, | ; 


they are W 


IN. ordes w. aſcertain the, conduQing quality of V 


85 


ſinous ſubſtances, oils, &c. ene ene 


middle part of this tube with roſin, ſealing · wax, & c. then 
introduce two wires AE, B F through its ends, ſo that they 
may touch the roſin, of penetrate a ide way, in it. This 
done, let a pexſon hold the tube. over a clear. fire, ſo as ta 
melt the roſin within it; at the ſame time, by connect ing 
one of the wires A, or B with the outſide of a charged 
jar, and touching the, other with the knob of the, jar, en- 


deavour to make. the diſcharge. through the roſin, and vou 
will obſerve that, while the roſin is cold, no ſhocks can be 


tranſmitted through it; but it becomes a conductor, ac- 


ering r and, de veg wat they the . 


lhocks TU through it very Fly 


an arch CE F D, and tie a filk firing G C D to it, which *'*** 
ſeryesto hold it by, whenit is to be ſet near the fire; fillthe 


Experĩ 
ment III. 
Fig. 11. 
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18a a ü at a EY fide of a | houſe, either 
furniſhed v with a metallic conductor, or not; by which both 
the bad effects of lightening ſtriking upon a houſe not pro- 
perly ſecured, and the uſefulneſs of. metallic conducto ors, 


may be clearly repreſented. . A is a board about three quar- 


ters of an inch thick, and ſhaped like the gable end of a 
houſe. This board is fixed perpendicularly upon the bot- 
tom board B, upon which the perpendicular glaſs pillar C 
D is alſo fixed in a hole about eight inches diſtant from the 
baſis of the board A. A ſmall hole I LM K about a quarter 
of an inch deep, and nearly one inch wide, is made in the 
board A, and is filled with a ſquare piece of wood, nearly 


of the ſame dimenſions. I mention, nearly of the "fame 


- dimenſions, becauſe it miſt go ſo eaſily into the hole; that it 


may drop off, by the leaſt ſhaking of the inſtrument. A 


wite L K is faſtened diagonally to this ſquare piece of wood. 
Another wire I H of the ſame thickneſs, having a braſs 
ball H, ſcrewed on its pointed extremity, is faſteried upon 
the board A; fo alſo the Wire MN, which is ſhaped In 4 
fing at O. From the upper extremity of the glaſs pillar 
CD, a crooked wire proceeds, having a ſpring ſocket F, 
through which a double khobbet wite flips perpendicularly. 
the lower knob G of which falls juſt above the kriob H. 
The glaſs pillar D C muſt not be made very faſt into the 
bottom board; But it tnuſt be fixed ſo as It may be pretty 
eaſily moved round its own axis, by which means the braſs 
ball G may be brought hearer or further from the ball H. 
vyithout touching the part E F G. Now, when the ſquare 
piece of wood LMI K (which may repreſent the ſhutter 

of 
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a window or the like) is fixed into e 
wire L K ſtands inthe dotted repreſentation 1 I'M, then th 
metallic communication from. H to O is 95 


metallic conductor ;, but if-the Wh. 0 


LX. r i ian en the "metallic lic cane 
ductor HO, from the top of the houſe e to its bottom, is in- 


n yit ty Act arion t 12289 EL 1 1417 153651 oh 
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35 repreſented in the figure, in which caſe the metallic con; 


ductor H O is diſcontinued, Let the ball G be fixed, at 


about half an inch perpendicular diſtance from the ball H, 
E F with the wire Q of the jar P, and let another wire or 


let the ball G come gradually near the ball. H, and; when 
they are arrived ſuficiently near one another, you will obr 
I K is puſhed out. of the hole to a conſiderable diſtance 


from the thunder houſe, -- Now, the dall G. ju this experi- 
ment, | repreſents an electriſied cloud, which when: it is 


city ſtrikes-it, and as this houſe i; nt lecpred with. a 
conductor, The nate mee path of. i. e. hangs 


the piece of wood.L M. wut Bao rye yall obAN 
= i 8 : Toe —— A * 4 " Rv 45 £4; 8415 $4 & "> {1 Nt ally 


the, inſtrungent repreſergs, a ho ſs furniſhed » with 1 
I Eis fixed ſe that the wire IL K Pn be dire Qion 


won . dans eee eee 


eee 


then, by turning the glaſs pillar D C. remove the former 
| ball from the latter; by a wire ot chain connect the wire 


chain, faſtened to the /hook O, touch the .outhide. goqting 
of the jar. Connect the wire Qwith the prime conductor. 


ſerve, that the jar explodes, and the piecg of, dA. N 


arrived ſpfficiently near the zap f ihe houſe A, the ele- 
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_ Repeat the experiment with only this variation, viz. that 
"this piece of wood I M is. ſituated ſo that the wire L K 
may ſtand jn the ſituation I'M, in which caſe the conductor 
HQis not diſcontinued ;" atid you will obſerve, that the 
exploſion will have no effect upon the piece of wood LM; 
this remaining in the hole uhmoved; ach Wen the _ 


fulneſs of the metallic conduRtor. 


" . * 
; 2 "wy e. 
4 . +): 174 on? . 1. wb has 1 * * 1 


+ Further, unſcrew the braſs ball n Sb abe HT; 
| fo that this may remain pointed, and with only this differ- 
ence, in the apparatus repeatboth the above experiments ; 
and you will find that the piece of wood I M is in neither 


caſe wo ore tark cars com fee rer * 
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Fig. 1. . e 
manner that their hole force may be united, and act like 
one jar, conſtitutes what is called an electrical battery. 
This battery is the moſt formidable, and entertaining part 
eee 


TRAY Kent: e eee as con · 
ee eee eee 
ſhould recommend to make uſe of common pint, or half 

þ pint phials, ſuch as apothecaries uſe. They may be eaſily 
coated with tin foil, on the outſide, and-braſs-filings on the 
inſide, they occupy a ſmall ſpace, and on account of their 


| thinneſs, hold a very good charge. But when a large bat- 
tery is required, then theſe phials cannot be uſed, 4 * 


« 
| 
| 
| 
: 
{ 
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break very eafily, and for that purpoſe cylindrical gaſs jar 
r . 


a eee 
| opening, are to be coated, the beſt method is to.coat them 
with tin · oil on both ſides, which may be fixed upon the 
glaſs with paſte made of wheat four; but in caſe the jars 
have not an aperture large enough to admit the tin-foil, and 
an inſtrument io adapt it to the ſurface of he giaſs, then, 
braſs-filings, ſuch, as are ſold by the pjn-makers, may be 
adyantageouſly uſed, and they may be ſtuck with gum- 
water, bees-wax, &c. Care muſt be taken that the coat - 
ings do not come very near the mouth of the jar, for that 
will cauſe the jar to diſcharge itſelf. If the coating is about 
two inches below the top, it will in general do very well; 
but there are ſome Kinds of glaſs, eſpecially tinged glaſs, 
that when coated and charged, have the property of diſ- 
charging themſelves more eaſily than others, even when the 
coating is five or ſix inches below the edge. There is anoᷣ- 
ther ſort of glaſs like that of which Florence flaſſ® are 
made, which, on account of ſome unvitrified particles in 
its ſubſtanee, is not capable of holding the leaſt charge; on 
theſe accounts therefore, whenever a great number of jars 
are to be choſen fora large battery, it is adviſeable to try 
ſome of them firſt, br 

mne mm Ae W Un BOTS 
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neee eee e ths Infide 
and utfide with tin-ſoil, which alltogether contain about 
8 twelve feet of coated glaſs. ' About the middle of each of 
theſe jars is a cork that ſuſtains a wire, which at the top is 
faltened round, or ſoldered to the wire E, knobed at each 
14 os end; 


Fig. 4. 
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ith connects the Inſite coattiligs bf three jars; und 
wires K as F F, the inſſde codtiigs of Mt te 


twelve jars may be connected together. Pry of the Wires 
F, has a ring at one end, through which one of the wires 
"E paſſes, and the other vl tas a brafs'knob. If che whole 
force of the battery is hot? required, one, two or three rows 
ol jars may be uſed at pleaſure; for as esch of the Wires 
＋ F is moreable tobhd the wite E, Wich paſſes through 
its üg, and reſts upon the next ek. , it may de ko re- 
moved from that, Kirk upon PR Snitraty wire 
And tus the aliudicarin Bebo bill tow Of js 5 
r ae be diſcontinued at t pleaſtire, Se the figure. 
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"Fee of th boi. is hole, through which an iron hook palſes, 
[which communicates with the metallic lining of the box, 
_and conſequently : with, the outſide coating of all the Jars. 
To this hook is faſtened a wire, the OP» 
connetted with the dicharging rod. d. | 


— rodconfiſts 1 n 
e. wires B B, which move byra joint C, fixed to the 
braſs cap of the glaſs handle A. The wires B B are pointed, 
and the points enter the knobs D D, to which they are 
ſcrewed, and may be unſcrewed from them at pleaſure. 
By this conſtruction we have the opportunity of uſing. the 
balls or the points, as occaſion requires; and as the; wires 
are moveable by the — 0 e 
or 2 — . ec 
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coipariſon to thoſe now frequently uſed, and much too 


It ſüffcient to give an idea of ĩts conſtruction; and when a 
large battery is to be conſtructed, I would recommend ra- 
ther to make two, three, or more fittall ones as repteſentel 


und, on ſevertl accounts, The force df 
ſeveral ſmall batteries may be baflly unted by n Wire ur 
chain, and thus they be made to act in every reſpect like a 
litge bile. © The beſt coniſtructlon of a battery is to have a 
wire from every jar, conhected * form 
ele wire cage. 


by the experiments performed with a ſingle coated jar, is 
very ſmall when compared with that which is produced by 
a number of jars connected together; and if the effects of a 
ſingle jar are ſurpriſing, the prodigiqus force of a large bat 


efforts of chemic fire, are actually, a 
"ouſly rendered red-hot, and fuſed ; to 
and to hear the loud report of 4 ge 
"things that always ptoduce a Kind of terto 

"an attentive dbſerver. Experiments of this kind fould be 
odduBtet With great caution,” and the operator ought to be 
Attentiye Hot only to the Biſineſs in hand, but alſo to the 
'petfohs Who may hippen to be near him, prohibiting their 
"touching, br even coming too near any part of the apparatus; 
"Tor if a miftlke in performing 'other experimente may be 


ibte, Hidfe*in the Uicharge of a OMEN may 
be attended with worſe confequenices, 


almoſt inftantine- 


— i the Plat, 15's fra 01% in 
weak for the'piirpole of forne experiitieiits. Bot I thought | 


in the plate, than — abc — which is heavy, 


e dent dia 


dery is certainly aſtoniſhing. To obſerve. that the metals, | 
even the moſt, purified platina, which reſiſts the greateſt - 


' A * 


conductor, a ſmall one is much more convenient ; for in 


vated two or three feet above them. 


| fide, which is bended ſo as to have its knob E, as high as 
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| When a battery is to be charged, inſtead of a large prime 


this caſe, the diſſipation of the electricity is not ſo conſider- 
able. The quadrant electrometer, which ſhews the height 
of the charge in the battery, may be fixed either upon the 
prime conductor, or upon the battery, in which caſe, it 
ſhould be placed upon a rod, proceeding from the wires of 
ir eee 


The index of the clefrometerin charging a (rom Sh 
will ſeldom riſe fo high as 90, becauſe the machine can- 


not charge a battery fo high in proportion as a ſingle jar. 
Its limit is often about 60 or 70®, more or leſs in pro- 


| The pie ſmingh aint ki, 
AN i CD AS obs 


— 


the knob A. B is a ſpider made of cork with a few ſhort 
threads run through it, to repreſent its legs. This ſpider 
is faſtened at the end of a ſilk thread, proceeding from the 
ceiling of theroom, or from any other ſupport, ſo that the 
ſpide: may hang mid-way between the two knobs A E, 
when the jar is not charged. Let the place of the jar upon 
the table be marked; then charge the jar by bringing its knob 
A, in contact with the prime conductor, and replace it in its 
marked place. The ſpider will now begin to moye from 
knob to knob, r 

R | Sad 421 ; 


4” I © FF 
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The inſide of the jar being charged poſitively, the ſpider 
js attracted by the knob A, which communicates to it a ſmall 
quantity ot electricity; the ſpider then becoming poſſeſſed of 
the ſame electricity with the knob A, is repelled by it, and 
runs to the knob E, here itdiſcharges its electricity, and is 
then again*attrated by the knob A, and fo on. In this 
manner the jar is gradually diſcharged, and when the 
. 


1 | « : i +15 ih # © " e 5 895 : 
y l 1 The nia n. | 194 1 
| s 13581 t 


AN e e n — 
within anocher, and cloſed with two. knobbed braſs caps A f — 
and B. The innermoſt of theſe tubes has a ſpiral row of 
2 ſroall round pieces of tin · foil, ſtuck upon its outſide ſurface, 

: Arenen ons, ne . 


hs If this inſtrument be held by one of its extremities, 
” dts extremity he preſented to the prime conductor, 
ery ſpark that ĩt receives from the prime conductor, will 
cauſe ſmall ſparks to appear between all the round pieces of 
tin: foil ſtuck upon the innermoſt tube, Which in the dark 
affords a pleaſing ſpectacle, the . e eee 
eee dene o 


The ſmall round pieces e e Yieck - | 
upon a flat piece of glaſs AB CD, ſo as to repreſent curve ,, 1. 
the ſame manner as the ſpiral tube; i. e. by holding the ex- 

remity © or B in the hand, and preſenting the other 
extremity to the prime conductor when the machine is in 
ee eee, eee 
e 8 
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Experi- 
ment VII. 
Fig * +. 


To fir that the ElAric Fluid prefers a ſhort. Paſſoge through 


+ 6x a piece of glaſs G, to keep the parts A B at a proper 


ſhort paſſage through t the air, than a long one through the 
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the Air, ta a long ane through gend Condudtars. 


BEND a wire about Give feet long, at the, ends of which 


diſtance, ſo that they may ſlide within half an inch of one 
another if required; then connect the chains belonging to 
the ſliding wires with the hook of the battery, and the diſ- 
charging rod, and ſend the charge of a battery through it. 
On making the exploſion, a ſpack will be ſeen between A 
and B, which ſhews that the eleQric fluid chuſes rather a 


wire. The charge, however, does not pas entirely through 
A and B, but part of it goes alſo through the wire, which 
may be proved by putting a ſlender wire between A and B; 

for on making the diſcharge, with only this addition in the 
apparatus, the ſmall wire will be hardly made red-hot, whereas 
if the large wire ADB be cut in D, fo as todiſcontinue 
the circuit A D B. the fall wire will be melted; and even 
exploded by the fame thock that before made it fearcely 
red-hot. In this manner the conducting power of different 
metals may de tried, uſing metallic circunes of * ſame 


r — W ↄ ˙  __ aca 


80 


paſſage une the air in * 


8 ans LF 5 Tubs with the Bude Er. 


ROLL up a piccr of ſoft iabaces · pipe · clay in 2 ſmall e 
cylinder C D, and inſert in it two wires A B, ſo that their a 
ends within the clay may be about a nant? of an inch 

a from 


USEFUL KNOWLEDGE. 


from one another. If a ſhock be ſent through this clay, 
by connecting one of the wires A, or B with the outſide of 
a charged jar, and the other with the inſide, it will be in- 
flated by the ſhock, i. e. by the ſpark that paſſes between 
the two wires, and after the exploſion will appear, as repre- 
ſented Fig. 23. If the ſhock ſent through it is too ſtrong, 
and the clay not very moiſt, it will be- broken by the ex- Fig. 23. 
ploſion, and its fragment ſcattered in every direction. 


991 — 


To make this experiment with a little variation, take 
a piece of the tube of a tobacco- pipe, about one inch long, | 
and fill its bore with moiſt clay, then inſert in it two wires, 

as in the above rolled clay, and ſend a ſhock through it. 
This tube will not fail to burſt by the force of the exploſion, 
and its fragments will be ſcattered about to a great diſtance. 


If inſtead of clay, the above-mentioned tube of the to- 
bacco-pipe, or a glaſs tube (which wil anſwer as well) be 
filled with any other ſubſtance, either electric or nan-elec- 
tric inferior to metal, on making the diſcharge, it will be 
broken in 7 with nearly the ſame ſorce. 


An Elftrometer. 


WHICH conſiſts of a lined thread, having at each end rig. 13. 
ſmall cork or pith ball. This electrometer is ſuſpended 
dy the middle of the thread on any conductor proper for 
he purpoſe, and ſerves to ſhew the kind and quantity of its 
electricity, by applying a ſtick of ſealing wax excited, or, 
an excited {mooth glaſs tube to the balls, which will recede 
or collapſe when the above wax or tube are applied alter- 
nately; by this means it will ſhew whether the conductor 


! 


Fig, 3. 
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de charged poſitively or negatively; for if it be charged po- 
ſitively by applying the excited glaſs the balls will recede 
ſtill further afunder, and on applying the Excite WAX they 
n together. 


Tze Univerſal Diſcharger. 


WHICH is of extenſive uſe, and is compoſed of the 
the following parts: A is a flat board fifteen inches long, 
four inches broad, and one thick, or thereabouts, which 


forms the baſis of the inſtrument. | B B are two glaſs pillars 


cemented in two holes upon the board A, and furniſhed at 
the top with braſs caps, each of which has a turning joint, 
and ſupports a ſpring tube, through which, the wire DC 
ſlides: each of theſe caps is compoſed of three pieces of braſs, 


connected ſo, that the wire D C, beſides its ſliding through 


: Experi- 
ment VIII. 


Fig. 24. 


the ſocket, has two other motions, viz. an horizontal and 
vertical one. Each of the wires D C, D C is furniſhed 
with an open ring at one end, and at the other end has a 
braſs ball D, which, by a ſhort ſpring ſocket, is ſlipt upon 
its pointed extremity, and it may be removed from it at 
pleaſure, E is a ſtrong circular piece of wood five inches in 
diameter, having, on its ſurface, a flip of ivory inlaid, and 
furniſhed with a ſtrong cylindrical foot, which fits the ca- 
vity of the ſocket F, which is faſtened in the middle of the 
bottom board and has a ſcrew G, which ſerves to faſten the 
foot of the circular board E at any required height · 


To prove that the eetric Spark diſplaces and rarefies the Air. 


THE electrical air thermometer, being very uſeful 
to obſerve the effects of the electric exploſion upon 


2 air 
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air. The body of this thermometer conſiſis of a glaſs 
tube A B, about ten inches long, and nearly two inches 
diameter; and cloſed air- tight at both ends by two braſs 
caps. Through a hole in the upper cap, a ſmall, tube 
H A, opens at both ends, is introduced in ſome water, 
at the bottom B of the large tube. Through the mid- 
dle of each of the braſs caps, a wire FG E I is in- 
troduced, having a braſs knob within the glaſs tube, and by 
ſliding through the caps, they may be ſet at any diſtance 
from one another. This inſtrument is, by a braſs ring C 
faſtened to the pillar of the wooden ſtand C D, that ſupports 
it. When the air within the tube A B is rarefied, it will 
preſs upon the water at the bottom of the tube, which will 
conſequently riſe in the cavity of the ſmall tube; and as this 
water riſes higher or lower, fo it ſhews the greater or leſs 
rareaction of the air within, the tube A B, which has 9 | 
communication wm the external air. x 


II the water, 5 this inſtrument is to be uſed, is all 
at the bottom of the large tube, i. e. none of it is in the 
cavity of the ſmall tube ; it will be proper to blow with the 
mouth into the ſmall tube, and thus cauſe the water to riſe 
a little in it, where, for 8 a _ may be 
fixed. pI DOTY 


Bring the knobs ( G1 of t the wires 1 E, FG; into contact, 
with one another, then connect the ring E, or F, with one MW 
ſide of the charged j jar, and the other ring with the other ſide, j 
by which operation a ſhock will de made to paſs through | 
the wires I G, I E, 5. e. between the knobs GT. In this 
Caſe you will obſerve, that the water in the ſmall tube, is 
not at all moved from the mark; which ſhews that the 
paſſage of the electric fluid through conductors ſufficiently 


large, occaſions no rarefaction, nor diſplaces he air about 
them. 
K 2 Put 
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Fut che knobs'G 1x little diſtant/from one another, ans Wi 

ſend a ſhock through them as before, and you will ſee that 

the ſpark. between the two knobs, not only diſplaces but 

| 


 rarefies conſiderably the air; for the water will be ſuddenly 
puſhed almoſt at the top of the ſmall tube; and immediately it 
will ſubſide a little, as for inſtance as far as H, which is 
occaſioned by the ſudden diſplacing and replacing of the air 
about the place, where'the ſpark appeared within the tube 
AB. After that the water has ſubſided ſuddenly from the 
feſt riſing, it will then gradually, and ſlowly come down to 

the mark, at Which i it ſtood before the exploſion; which is 
the effoct of the air that was rarefied, and wand gradually 
returns to its former be wane 


/ 


Tf this expetiliict de made in a room, e the degree 
of heat is variable, then proper allowance muſt be made for W_ 
this circumſtance, in eftimating the event of the experiment; 
for the electrical air thermometer is effected by heat, or | 
cold in Han as well as by that cauſed by an electric 


ſpark. 2459 * 4 
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The Courſe of the Eleetric Fluid in the Diſcharge rendered 1 
: 8 8 the my and Pencil, 
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8 
if 
2. 
E 
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its * Ard of i. e. . the diſcharging. rod repreſented, in 
fig. 4, without its knobs, and keep it as repreſented, fig. 15, 
that is, in ſuch a ſituation, that one of its points C may be 
at about one inch diſtance from the knob A, and the other 


Fig. 15. 
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6 | point B, at an equal diſtance from the ouiſſde coating of the 
WH jar; by theſe means the j jar will be diſcharged ſilently, and 
bi if its inſide be electriſied poſitively, you, will ſee, that the 
j / * point 
1 

4 

II. 

WAP 

j j * 
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point C'of the diſcharging rod, is illuminated with a ſtar, 


and the point B with a pencil; becauſe, in this caſe, the 
electric fluid, going from the inſide to the outſide of the jar, 
enters the point C, and iſſues from the point B. But if the 
jar is electrified negatively on the inſide, and conſequently 
poſitive on the outſide, then the pencil of rays will appear 
upon the point C, and the ſtar upon the point B; for in 
this caſe the electric fluid paſſes from the outſide to the in- 
fide of the jar. This experiment, as well as any other, in 
which ho electric light is to be obſerved, requires to be made 
in the dark. 


A SMALL phial coated on the outſide about three inches rig, 20. 


up the ſide with tin foil; at the top of the neck of this 
phial, a braſs cap is cemented, having a hole with a valve, 
and from the cap a wire proceeds a few inches within the 
phial, terminating in a blunt point. When this phial is 
exhauſted of air, a braſs ball is ſcrewed upon the braſs cap, 
which is cemented into its neck, ſo as to defend the valve, and 
prevent any air from getting into the exhauſted glaſs. The in- 
ſide of this phial requites no coating, becauſe as the electric 
fluid pervades vacuum, ĩt can paſs freely from the wire to the 
ſurface of the exhauſted glaſs, without the help of a non- 


electric coating. This phial exhibits clearly the direction 
of the electric fluid, both in charging and diſcharging; for if — 3 
it be held by its bottam, and its braſs knob be preſented: tothe 


prime conductor poſitively electrified, you will ſez that the 


electric fluid cauſeth the pencil of rays to proceed from the 
wire within the phial, as repreſented, fig. 21, and if it is Fig. 21. 
diſcharged, a ſtar will appear in the place * che pencil, as 


repre- 


ills 
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i repreſented in fig. 20. But if the phial is held by the braſs 

1 cap, and its bottom be touched by the prime conductor, 

[ | then the point of the wire on its inſide, will appear illumi- 
[ nated with a ſtar, when charging, and with a pencil when 
| | | diſcharging. If it be preſented to a prime conductor glec- 
| [ trified negatively, all theſe appearances, both in "Py 
| 1 and Gi{charginge. will be reverſed. |. - TR 

. „ e aid: 
This experiment of the 1 1 vacuum, avi 


| ocular demonſtration of the hypotheſis of a ſingle ele&r 
1 fluid. 


Sho. oAac< — t 4.59 


To make the electric Spark viſible in Water. 


4 Experi- FILL a glaſs tube of about half an inch diameter, and 
| fix inches long, with water, and to each extremities of the 

| | tube adapt a cork, which may confine the water; through 
1 each cork inſert a blunt wire, ſo that the extremities of the 

it wires within the, tube may be very near one another ; laſtly 
connect one of theſe wires with the coating of a, ſmall 
charged phial-and touch the other wire with the knob of i it; 
by which means the ſhock will paſs through the wires, and 
cauſe a vivid ſpark to appear between their extremities 
within the tube. In performing this experiment care muſt 
be taken, that the charge be S weak, otherwiſe the 
| tube will burſt, | 
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Fig. 179, In a common drinking gasse almoſt full of water, im- 
J merge A B, which are two knobbed wires ſo bent, that 
| their knobs may be within a little diſtance of one another in 
the water. If one of theſe wires be connected with the 
outſide coating of a pretty large j Jar, and the other wire be 

touched 
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tonched with the knob of it; the exploſion which muſt 
paſs through the water from the knob of one of the wires 
to that of the other, will diſperſe the water, and break the 


glaſs with a ſurpriſing violence. This experiment is 150 
dangerous if not conducted with great caution. a 


2 Houſe. 


Is an ingenous contrivance, and well adapted to the 
purpoſe ; the the front is fitted up like the thunder-houſe ; it he IT; 
is generally made 7 or 8 inches long, and nearly the ſame Fig. 3. 
height to the top of the roof; the fide, and that half of the 
roof next the eye is omitted in the figure, that the inſide 
may be more [conveniently ſeen. The ſides, back, and 
front of the houſe are joined to the bottom by hinges; the 
roof is divided into two parts, which are alſo faſtened by 
hinges to tho ſides; the building is kept together by a 
ridge fixed half way on one fide of the roof, ſo that when 
the building is put together, the other half of the ridge 
laps over the other half of the roof, and holds it together. 


Within the houſe, there is a braſs tube 14 inch long, and 


z of an inch in diameter ſcrewed upon a pedeſtal of wood; 
into the fide of this braſs tube is ſcrewed a wire, which 
goes through I of an inch or better; the other end, by 
means of a chain, has a communication to the hook D 3 
at the other ſide of the tube a piece of ivory one inch long 
is ſcrewed, with a ſmall hole for the wire to ſlide into. 


To uſe this apparatus, fill the braſs tube A with gun-- 
powder, and ram the wire B a ſmall way into the ivory 
tube; then connect the hook C with the bottom of a 
. jar or BN when the jar, &c. is charged, 
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Fig. 5. 
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a communication from. the hook D to the top of 


the jar, &c. the diſcharge will then take place, and the 


explofion of the gun- powder will throw aſunder the roof; 
and tlie ſides, the nnn and the back - front will then 
fall down. * n 


»The Pyramid. 


As repreſented fig. 4. is deſigned to ſhew the ſame ex- 


| periments as the thunder-houſe, and is uſed in the fame 


manner. When the piece A is thrown out by the diſ- 
charge, the upper part of the pyramid falls down; it is 
uſually made to repreſent a ſtone ſteeple, and is compoſed 
of ſeveral pieces, by which means, when the yy 78 
made there appears greater devaſtation. 


The Luminous Mord. 


This experiment is exactly on the ſame nrinciple as fig, 


18 and 19, plate III. and the word is formed by the 


ſmall ſeparations made in the tin-foil ; if they were cut a 
little round at every diviſion the ſpark by that means would 
appear more vivid, as it paſſed along the windings. 


It may be obſerved in making theſe experiments, that 
the longer any word is, and the oftener the tin-foil- is cut, 
the more powerful the machine muſt be in order to con- 
vey the ſpark from one end to the other; becauſe every 
time the paſſage is interrupted by cutting, the ſpace is 
increaſed; and in long conveyances the ſpace will 
amount to. more than the machine will be able 

to 
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465 overcome. Therefore the ſhorter the illuminations art, 
me more pleaſing they will appear. 


To ſhew hotu a Far charges and diſchagges. | 


Coat a jar as repreſented fig. 6, by paſting ſmall pieces of Fig. 6, 7 
tin-foil, at a little diſtance from each other, round its 
exterior ſurface; As this jar is charging, ſmall ſparks will 
paſs from one piece of tin-foil to another, in a' variety of 
directions; the ſeparation of the tin-foil is the means of 
making the paſſage of the fluid, from the outfide of the 
jar to the table, viſible. Diſcharge this jar, by bringing 
a pointed wire gradually near the brals ball, and the un- 
coated part of the glaſs, between the pieces of tin-foll 
will be pleaſantly illuminated, and make a crackling noiſe ; 
but if the jar is diſcharged ſuddenly, the whole outſide 
ſurface will appear illuminated. The glaſs muſt be very 
dry to produce theſe appearances to the greateſt advantage. 


5 | S 3 5 
he Hr to make inflammadle Air that tuill take Fire by the electric 
2 Spark. e 
1d * 
Procure two bottles as repreſented, A D, fig. 8, in the | 
bottle D, put about 2 or 3 ounces of iron filings, to which 
nat put ſome oil of vitriol, mixed with four times its quantity 
ut, of water, fill the bottle A with water, and fix the bended 
* glaſs pipe C air- tight into the bottle D, and the other end 


a little way up the neck of the bottle A, and in a ſhort 
time the mixture will. boil, and emit a fluid, which will 
will Wl 2465 through the bended tube C into the bottle: A, and 
able 77 5 | 8 ö will 
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-will at laſt fill it ; expelling the water into the baſon B 
The bottle A is then expeditiouſly corked up for uſe. 


The eleftrical Piftl. 


Is repreſented by a, b, c, d, e, fig 9; c, a, is made of 
thin braſs; to the mouth a, b, a cork is fitted; and a per- 
forated pice of braſs e, ſcrews on the bottom of the piſto 
at c, having a glaſs tube with a wire cemented into it, 

bended over the glaſs tube, ſo as to reach within 3 of an 
inch of the braſs ; when the piſtol is to be charged uncork 
the inflammable air bottle, likewiſe the piſta], and place the 
mouth of the piſtol upon the top of the bottle, and the 
common air which is within the piſtol will deſcend while 
the other aſcends ; keep the piſtol in this fituation a few 
ſeconds, according to the ſtrength of the inflamable air, 
then expeditioufly cork both the bottle and piſtol, and it is 
charged. To diſcharge it fill a ſmall jar or a hollow handle, 
and apply it to the little knob of the wire e, it will then 
explode, and drive out the cork to a conſiderable diſtance, 
making a report as loud as a piſtol filled with gunpowder, 


The aan of 4 finple Orrery put into Motion by 


2 

His orrery is for ſhewing the earth's motion round 
uy axis in twenty-four hours, the age of the moon from 
change to change, and all her various phaſes during that 
time-- A is the horizontal board or ſtand of this machine, 
and B is the great wheel, with eighteen floats or wings 
for the cer ſtream to act * and turn the wheel 
| according 
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according to the order of the letters a be d. On the axis 
of this wheel is a trundle C, of eight ſtaves, for turning 
the wheel F, of thirty-two teeth, on whoſe axis is a trun- 
dle G, of eight ſtaves, for turning the wheel H, of fifty- 
nine teeth, which will go once round in the time the 
great wheel A goes 294. A little hollow globe D, repre- 
ſenting the earth, with its meridians, equator, tropics, po- 
lar circles and poles, is put upon the top of the axis of the, 
great wheel A, and on the ſame axis is an index E, which 
goes round a ſmall dial-plate e of twenty-four hours, in the 
time that the earth D turns round. And an ivory ball I 
is placed on the top of the axis of the wheel H, half 
black, half white, to repreſent the moon; below which, on 
the ſame axis, is an index K, which goes round a ſmall 
plate k divided into 294 equal parts, for the days of the 
moon's age from change to change. So that, in the time % 
the great wheel A, the earth D, and hour-index E, make 
294 revolutions, the moon I and her index K make only 
one; and in that time, by ſhewing herſelf all round to 
the obſervers, they ſee all her different phaſes or appear- 
ances, like thoſe of the real moon in the heavens. 


Having ſet the orrery near the prime conductor, place a 
crooked wire from the conductor, ſo as its point may be — XI, 
even with the great wheel B, and tend to turn it jn the di- 
| rection a h; c d; turn the glaſs globe of the electrical ma- 

[ chine by the winch; and a ſtream of fire will iſſue from the 
'N wire to the wheel, and turn the whole of the moveable 
7 work: by which means, the earth D will be turned round 
1 its axis, from welt. by ſouth, to eaſt; and, in ſuch turn f 
2 the. earth, the index E will go round all the twenty-four 
hours on the dial plate e. In the time the earth and in- 
1 dex turns 291 times round, the moon I will turn once 
Ub L 2 round 


Fig, 2. 
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rpund her axis, ſhewing all her various phaſes ; and the in- 
dex K will 8⁰ over all the 291 Pays of the moon's age on the 
plate k. 


* 


A Madel Fa H aler-Mill turned by a Stream of Electric Fire. 


A MODEL of a common mill for grinding corn. A is 


a water- wheel, B the cog-wheel on its axis, C the trundle - 


turned by that wheel,” and D the running mill-ſtone on the 
top of the axis of the trundle. It may eaſily be contrived 


and turned alſo by electricity, if inſtead of the round plate 


D for the mill- ſtone, there be a horizontal wheel on the 
axis of the trundle C with ſpur cogs, which will turn two 
trundles placed on its oppoſite ſides; and on the top of cach 
of theſe trundlesꝰ axis, may be a round plate repreſenting a 
mill-ſtone ; ſo that this model has all the working parts of a 
double water-mill, turning two mill-ſtones. | 


Set the mill near the prime conductor, and place the 
crooked wire ſo as its point may be directed toward the 
uppermoſt {ide of the great wheel A. Then turn the glaſs 
globe by the winch, and the ſtream of fire that iſſues from, 
the point of the wire will turn the wheel ; and, conſe. 


| quently, all the other working parts of the mill, 


Fig. 3+ 


Another E erica! Orrery fhewing the Motions of the Sun, 
Earth, and Moon. 


THE fun and earth go round the common center of 
gravity between them im a ſolar year, and the earth and moon 
8⁰ round the common center of gravity between them in 3 

lunar 


=» Yo” my mw" 
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lunar 1 Theſe motions are repreſented by an cect 
imme as follows: 


The ball S repreſents the ſun, E the earth, and M the 
moon, connected by wires a c and b d: a is the center of 
gravity between the ſun and earth, and b is the center of 
gravity between the earth and moon. Theſe three balls, 
and their connecting wires, are hung and ſupported on the 
ſharp point of a wire A, which is ſtuck upright in the prime 
conductor B of the electrical machine; the earth and moon 
hanging upon the ſharp point of the wire c a e, in which 
wire is a pointed ſhort pin, ſticking out horizontally at c; 
and there is juſt ſuch another pin at d, ſticking out in the 
ſame manner, in the wire that connects the earth and the 
moon. 8 


0 * 
\ +> 


When the globe of the eleArical machine is tat — : 
the above mentioned balls and wires are electriſied: and the 
electrical fire, flying off horizontally from the points c and 
d, cauſe 8 and E to move round their common center of 
gravity a; and E and M to move round tir common cen- 
ter of gravity b. And as E and M are light when com- 
pared with S and E, there is much leſs friction on the point 

b than upon the point a f ſo that E and M will make many 6 
more revolutions about the point b than S and E make about 
the point a. The weights of the balls may be adjuſted ſo, 
that E and M may go twelve times round b in the time that 5 
and E go only once round a. It makes a good amuſing 
experiment in electricity; but it is ſo far from proving that 
the motions of the planets in the heavens are owing to alike 
cauſe, that it plainly proves they are not. For the real fun 
and planets are not connected by wires or bars of metal; 
and conſequently there can be no ſuch metallic points as © 
and 


Fig. 6. 


Tig. 4. 
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and d between them. And without ſuch points, the elec. 
tric fluid would never cauſe them to move: for, take away 
theſe points in the above-mentioned experiment, and the 
balls will continue at reſt, let them be ever ſo ſtrongly elec- 
trified. | 


The eleftrified Capillary Syphon. 


LET a ſmall bucket of metal, full of water, be ſuf. 
pended from the prime conductor, and put in it a glaſs ſy- 
phon of ſo narrow extremity, as the water wall juſt drop 
from it. If in this diſpoſition of the apparatus the winch of 
the machine be turned, the water, which, when not elec. 
trified, only dropt from the extremity of the ſyphon, will 


now run in a full ſtream, which will even be ſubdivided into 


other ſmaller ſtreams; and if the experjment be made in the 
dark, it will he beautifully illuminated, and like a fountain 
with ſtreams of fire; which may be made to ſtop appa- 
rently by the word of command by touching the prime con- 
ductor, 5 


The Quadrant Eleftrometer. 


T HE only inſtrument, that can, with propriety, be 
called an electrometer, that is, ſuch as meaſures the preciſe 
degree to which any body is electrified, is as follows: A is 
a very light rod, that turns an the center of a ſemicircle By 


ſo as always to keep pretty near its graduated limb: at the 


extremity of the rod isa cork ball C. D is the pillar that 
ſupports the rod, and may be either fixed ta he prime con- 
ductor, or let into the braſs knob of a jar or battery, ar be ſet 

GN on 
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on a ſtand to ſupport itſelf. The whole inſtrument may be 
made of wood or ivory, but is found moſt perfe& when the 
pillar and rod, or index, are of box, made very ſmooth with 
emery paper : the ball of cork, and the ſemicircle ivory, as 
the diviſions on that are more legible than on wood. 


The moment this inſtrument begins to be eleQrified, the 
rod is repelled by the pillar, and conſequently begins to 
move over the edge of the ſemicitcle, and ſhews, to the 


greateſt preciſion, the degree to which the prime conductor 


is eleArified; or how high any jar or battery is charged. 


As the materials of which this inſtrument is made are very 


imperſect conductors, it will very rarely diſſipate any of the 
electricity of the prime conductor, &c. with which it is 
connected: but if it be found, by a trial in the dark, that 
any part of it collects the electric matter, it muſt be placed 
before the fire to dry off the damp, particularly from the 
index : it ſhould nor, however, be much heated, for then it 
will not receive the electricity ready enough, and the motion 


— 


of the index will not anſwer with ſufficient accuracy, to 


the degree of electricity in the body with which it is in 
contact: but this inconvenience may be eaſily remedied by 
moiſtening the pillar and the index; for the ſemicircle can 
never be too dry. ; 
It is evident, from the conſtruction of this inſtrument, 

that the force of different exploſions may be aſcertained by 
it, before the diſcharge, with the greateſt accuracy. If a 
jar be charged with poſitive electricity, and you want to 
know the preciſe time, while you are attempting to charge 
it negatively, that it becomes diſcharged, watch the mo- 
ment the inde#romes to the perpendicular ſtation, which 
may be obſerveꝗ without the leaſt danger of a miſtake, and 
S. you 
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you will then find there is not the leaſt ſpark left in the jar. 
If you continue the operation, the index will begin to ad- 
vance again ; and thereby ſhew the exact quantity of the op- 
poſiite electricity the jar has acquire. | 


A very uſeful Inflrument to cure the Terth-ach; 


THE inſtrument A is a flat ſquare piece of box-wood, 
about an inch broad, and a quarter of an inch thick: two 
longitudinal holes are made quite through it, near its op- 
poſite edges, through which the braſs wires a b cand def 
are put while they are ſtraightz then fixed with ſealing 
wax, and bent as in the figure, ſo as to receive the tooth 


and gum between their points c and f, which muſt not be 


made too ſharp, for fear of hurting the gum. When it 
is uſed, two chains g and h mult be hooked to the other 
ends of the wiras, and holding it on the gum, with the 
tooth between the ends c and f of the wires a be and de f, 
hook the chains g and h on the other ends of theſe wires; 


put the other end of the chain g round the bottom of a jar, 


and cauſe an aſſiſtant to hold the chain h, hanging down 
from his hand; the chains not touching one another, and 
both of them clear of the table. Then having charged the 
jar, deſire the aſſiſtant to ſtrike the prime, conductor with 
the looſe end of the chain h; this will diſcharge the jar, 
and give the perſon a ſhock, which will be felt only in the 
tooth and gum that is taken in between the wires at c 
and f. 
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1 r are at a loſs 
wig the reaſon why ſome experiments do not ſucceed 
with them, as deſcribed in the treatiſes on electricity. 
Sometimes they are in poſſeſſion of very good inſtruments, 
but by reaſon of ſome eircumſtunce or other, unattetided 
(, they" ars quite uſeleſs in their hands. This, indeed 

can be remedied by nothing but practice, and it is by 
long uſe, that the electrician, as well as the practitioner 
in any art or ſeience, becomes ſo good an operator, as to 
uſe his inſttuments to the beſt advantage. A few rules are 
however very neceflary to guide him in his operations; and 
although theſe alone are inſufficient to make a perſon a com- 
plete practical electrician, yet, hen accompanied with the 
actual management of the apparatus, they facilitate the uſe 
of it, and render the performance of the 
dee oils, mr Well l 0 
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The firſt thing that the young electrician "ry obſerve, 
is, the preſeryation a and care of his inſtruments. The clec- 
trical machine, the coated jars, : and ji in ſhort every 12 1 of 


44444 #4 is 


the electrical apparatus, ſhould be W Clean, as res 
+ roll ho gol, ved der mien ee 


Wende weather is ear, andbe ai diy. openly in 
clear and froſty weather, the cleftrigal machine will alyays 
+, Put when. the weather is very hot, the .ma. 
Rin is not ſo powerful: * n e en, 


r e How roads thin 10 ba NOM. 


AN. INTRODUCTION” T 


be vrought into a warm room, and the 2 the ſtands, 
e e K- eee ro 1 


Before the A is uſed, the 9 ſhould be firſt 
wiped very clean with a ſoft. linen cloth, that is dry, clean, 
and Warm; and afterwards with a clean hot flannel, or an 
old ſik handkerchief; this done, apply a little amalgam 
and turn the winch, and it will ſoon be perceived that the 
electric fluid will come like a wind from the cylinder to the 
knuckle, and, if the motion he a little continued, ſparks, 
gnd-crackling will ſoon; follow. This indicates, that the 
machine, is in good order, and the electrician may procced 
ia perform his experiments. But, if, When the winch is 
uuned for ſome time, na wind is felt upon the knuckle, 
then the fault is, very likely, in, the, rubber, and to re: 
medy that, uſe the following directions: by unſcrewing 
the ſcrews; on the hack of the rubber, remaye, it from 
is glaſs pillar, and heep it a little near the firg, {@ that its 
Glk;; part may be dried; take, now. a, piece, of, dry mutton 
ſuet, or a little tallow from the candle, and juſt paſs it over 
the leather of the rubber, and then the machine cannot fail 
but £ he lie fee. 255 | 


411 5 3 0 adi en: Ai 


Sometimes * macht ine w wy work, well becauſe the 
rubber ie not tulhciently pple with cleric fluid; which 
happens when the table, upon Which the machine ſtands 
and to which the chain 6f the wübber is connected, is very 


dry, and conſequently it in a bad condu, ſtate. Even the 


foo Arnd che Walls of me f room are, in Very e ary weather, 
bad öder, and "they Eanrior ſupply ' the ber Tuſfici 
ently,” In this caſe the belt a is, of) ela the 
chain of rhe" rubber by cneans of à long wife, wich ſotme 
moiſt ground, or with the iron work of a water- pump; by 
which 
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tric fluid as is required. 4 ann 


When a ſuſficient quantity of amalgam has heen accumu- | 
lated upon the leather of the rubber, and the machine does 
not work very well, then, inſtead of putting more amalgam, 


it will be ſufficient to take the rubber off, and to nee 2 


little off that, which is already upon the leather. 


It will be often öbſerved, that the globe or cylinder 
after being uſed ſome time, contracts ſome black ſpots, OC- 
caſioned by the amalgam, or ſome foulneſs of the rubber, 
which grow continually larger, and greatly obſtruct its 
electric power. Theſe ſpots muſt be carefully taken off, and. 


the eylindet muſt be frequently wiped in order to prevent 
its | COMETS them. 


In charging electrie jars in general, it muſt be obſerved, 
that every machine will not charge them equally high. That 
machine, whoſe electric power is the ſtrongeſt, will always 
charge the jars higheſt. If the coated jars, before they are 
uſed, be made a little warm, they will teceive, and hold the 
charge the better. | 


If ſeveral jars are connected together, among which there 


is one, that is apt to diſcharge itſelf very ſoon; then the 


other jars will alſo be ſoon diſcharged with that; although 
they may be capable of holding a very great charge by them- 
ſelves. When electric jars are to be diſcharged, the elec- 
trician muſt be cautious leſt, by ſome circumſtance not ad- 
verted to, the ſhock ſhould paſs through any part of his 
body ; for an unexpected ſhock, though not very ſtrong, 
may occaſion ſeveral diſagreeable accidents. In making the 
diſcharge, care muſt be taken that the diſcharging rod be 

M 2 not 
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no: placed on the thinneſt part ON for that may 
cauſe the burſting of the jar. 


When a large battery is diſcha/ged, jars will be often 
found broken in it, which burſt at the time of the diſcharge, 
To remedy this inconvenience take this method, which is, 
never to diſcharge the battery through a god conductor, 
except the circuit be at leaſt five feet long. Mr. Nairne 
favs that, ever ſince he made uſe of this precaution, he has 
diſcharged a very large battery near a hundred times with- 


out ever breaking a ſingle jar, whereas before he was con- 


tinuelly breaking them. But here it muſt be conſidered 
that the length of the circuit weakens the force of the ſhock 
proportionably; the higheſt degree of which i is in many ex- 
i required. 


It is adviſeable when a jar, and eſpecially a battery has 

been diſcharged, not to touch its wires with the hand, be- 
fore the diſcharging rod be applied to its ſides a ſecond, and 
even a third of time; as there generally remains a reſiduum 
of the charge; this reſiduum is occaſioned by the electricity, 
that, when the jar is charging, ſpreads itſelf over the un- 
coated part of the glaſs near the coating, which will not be 
diſcharged at firſt,” but gradually returns to the coating after 
the firſt diſcharge, which is ſometimes very conſiderable. 


When any experitnent is to be performed, which requires 
but a ſmall part of the apparatus, the remaining part of it 
ſhould be placed at a diſtance from the machine, the prime 
conductor, and even from the table, if that is not very 
large. Candles, particularly, ſhould be placed at a conſider- 
able 
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their flames carry off much of the eleQric fluid. 

Laſtly, the young eleQrician ſhould be cautioned not to 
depend on firſt appearances in electricity. A new pheno- 
menon may juſtly excite his curioſity : it is laudable to re- 
mark it, and to purſue the hint; but at the ſame time even 
the doubtful aſſertion of a new fact ſhould never be made, 
till aſter a "number of ſimilar and concurring experiments. 

Qricity is a ſcience that often deceives the ſenſes, and 
the moſt experienced electtician frequently finds himſelf 
miſtaken in things, which perhaps he may have dane con- 
ſidered as the moſt certain. 


In many electrical experiments, it is very convenient to 
have a method of determining, whether a ſmall degree of 
electricity be poſitive or negative; and in uſing large bat- _ 
teries, it is a matter of conſequence to know how e 
charge advances, and of what ſtrength it is. Mr. Can- 
ton's balls are extremely uſeful for both theſe purpoſes, 
They are made of the pith of elder turned perfectly globu- 

| bar, and ſuſpended from the conduQtor, by fine threads. 


To underſtand the uſe of them, ſuppoſe * battery 
ſtands upon the table, and I want to know whether the in- 
ſide be charged poſitively or negatively. In order to this, I 
preſent the balls, and they are immediately attracted by the 
wire, and diverge from one another. This is common to 
doth electricities, and the greater the diſtance to which the 
balls ſeparate, and the farther they repel one another the 
higher is the charge. To determine of what kind it is, 1 
rub a ſmall piece of glaſs (which J carry about me for the 
purpoſe): againſt-my hand or coat, which I know will ex- 


AN INTRODUCTION! ro 


die it poſitively, and then preſent it to the balls in their 


diverging ſtate. If it makes the balls converge and con- 


creaſe their divergency,} and attract them, it — their 
eleQricity tobe of a kind oppoſite to that of the glaſs, that 
is, negative. ſt be remembered; that the elec- 
tricity of the balls (which do not touch; or receive any elec- 
tricity ſrom the wires of the jar or battery] is always con- 
trary to that with which they are charged; for all bodies 
placed within the influence of electrified bodies, are affected 
with the contrary electricity. 


In order to aſcertain the kind of an exceeding ſmall de- 
gree of electricity, it will be convenient to have a very light 
body, as a piece of downy feather hanging by a ſilken 
thread. This ligh: body, when it is once eleQrified, either 
poſitively or negatively, will retain its virtue a long time, 
with very little loſs. If then any body (the electricity of 
which is unknown), be brought to it, the feather will be 
repelled by it, if it be of the ſame kind with its own, and 
attracted if it be the contrary to it. The ſilk, by which 
it is ſuſpended, ſhould be a ſingle thread, as it-comes from 
the worm, or at leaſt, a very few of thoſe threads, and the 
whole ſhould be as light as poſſible. 


The Elarephorus. 


1 conſiſts of two plates A and B made of a circular 
form, from ſix to eighteem ĩ nches diameter or upwards. The 
upper plate is generally made of braſs, but a tin plate with a 
wire turned in upom its edge will — 

Well. 


FSS 
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well, At the center of this plate 5 — 
which a glaſs handle I (nine or ten inches long). is fixed; A 
thin board covered with tin- foil, and ſuſpended by ſilken 
ſtrings will anſwer well, when che 3 is wanted 
of a large diameter. 


Tbe under plate may be made "of glaſs, fealing wax, or 
of the follow ing compoſition, viz.” Four parts roſin, three 
parts pitch, three parts ſhel-lac, two parts venice-turpentine, 
melted together over a gentle fire; it may be poured and 
fpread upon à thin Tin cloth about 1 of an inch thick; 
the lin doth muſt de ſtretched upon a hoop, and made 2s 
tight WR F 100 ſurface * Kttle . ir l be 
ang . 

5 1011 þ 

— hs thachin W# Rn} rub the 
coated ſide of the under plate A with new fine flannel, or 4 
dare or cat S in and when it is excited as much as poffible, 


ſet it upon a table, ind place the upper plate upom it, and 
put your finger upon the upper plate; then take your finger 
off and take hald bf the top of the glaſs handle I, and appty 
it to the Kno Ga coated j jar: repeat this operation for 39 


or 40 tinges and ts far will become charged. n 


* WW: M08 22 Ae: £ , 1 0 1 


Mr. Cavallo mertions one of che ber kind eHich He 
made, wich which he charged a coated phial-ſeveral-times; 


by once excitingy: fo frang vs $0 pierer -# hole my 1 
cad at every diſcharge. 


Wb a n Gat wich Ealing wax,” after it is'ex- 
cited and laid Witti the waxed ſide downward, and the glaſs 
W 208 Hey on making the ofa! * * 


* INTRODUCTION! r 


the metal plate ih and taking the ſpark, &c. it will be 
attended with contrary electricity to what it had before. 


Medical Blariciy. Fe 


- BEFORE we conclude. the ſubject, it will be neceſſary 
to give fome rules, in order to explain. a few: praQtical ex. 
periments. oſ applying medical electricity: and firſt, it 
ſhould be attentively obſeryed, to apply the ſmalleſt force of 
electricity, which may be ſufficient to remove, or alleviate 
any diſorder; the chief difficulty conſiſts in diſtinguiſhing 
the proper ſtrength of the electric power that is required ſot 
a given diſorder. The ſex and condition of the patient 
muſt be duly conſidered; and, in regard to this point, it is 
impoſſible to give any £xact and invariable rules; the cir. 
cumſtances being of ſuch a nature and ſo yarious, that long 
experience, and a ſtrict attention to every particular phe- 
nomenon, are the only means by which proper inſtructions 
may be recei ed · The ſureſt rule that can be given relating 
to this particular, is to begin with the moſt gentle treat- 
ment; at leaſt ſuch, that conſidering the conſtitution of the 
patient, may be thought rather weak, than ſtrong. When 
this gentle treatment has been found ineffeQtual for a few 
days, which is denoted hy the diſeaſe not ahating, and the 
application of electricity not cauſing apy: mgterial altera 


tion, then the operator may gradually increaſe ah force of 
electricity, until he finds the proper degree of i bit, . 


In jydging of caſes proper to be cleQibed, experience 
news, chat in general, all. kinds of obſtructions, whether 
of motion, of circulation, or of ſecretion, are very often 
removed or alleviated by electricicity. The ſame may 

allq 
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allo be faid: of nervous diforders;, both, which, include 2 


an electric jar, e Lane's electrometer; an inſulated 


> 2 


. 
nd 
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great variety of diſeaſes, The application of electricity 
has alſo been found very beneficial in diſeaſes of a long 
ſtanding. It has. likewiſe been found a powerful remedy 
in muſcular contractions. But when an limb of the body 
is deprived, of motion, it muſt be obſerved; that the priva- 
tion of motion is not always originated by a contraction of 
the muſcles; but that it is often occaſioned by a relaxation ; 
thus for inſtance, if the hand is bent inwardly, and the pa- 
tient has no power of ſtraightening it, the cauſe of it may 
de a weakneſt of the outward muſcles, as well as a con- 
traction of the in ward ones. In ſuch caſes it is often difs 
ficult, even for good anatomiſts to diſcover the real cauſe, 
dut the ſureſt method ĩs to electrify, not only thoſe muſcles 
which are ſuppoſed to be contracted, but alſo their antago- 
niſts; for tocledtify a ſound muſcle is by nd wean hun- 
ful. 


| Rheumatic di orders, even of long ſtanding, are relieved; 
and generally quite cured, by only drawing the electric 
fluid with a point from the part, or by drawing ſparks from 
the conductor; the operation ſhould be continued for about 
four or five minutes, repeating it once or twice every days 
ber ſhould: not exceed a dozen or fourteen, except when 
they are to: be given ta the whole body in different di- 


and its primo conductor, are neceſſary for the adminiſtra- 
tion of medical electricity, may be reduced: to: three, vin. 


| chait, 


Fig. 4. 


from E to the outſide coating of the jar, by a chain x. In 
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chair, or an inſulated ſtool, upon which a common chair 
may be occaſionally ſet, and the directors. 


Repreſents the electric jar, with Mr. Lane's electrome- 
ter, and the manner in which the ſhocks are ſent through 
any part of the body. The ſurface of the jar, which is 
coated with tinfoil, ſhould be about four inches in dia- 
meter, and fix inches high, which is equal to about ſeventy- 
three ſquare inches. The braſs wire, which paſſes through 
the covering of the jar, and touches the inſide coating, has 
a braſs ball F, to which the electrometer F D E is faſtened: 
and proceeding a little farther up, terminates in another 
braſs ball B, which ſhould be ſo high as to touch the 
prime conductor A, which is ſuppoſed to ſtand before the 
electrical machine. The electrometer conſiſts in a glaſs 


ſtick F, D, cemented to two braſs caps F and D; from the 


latter of which a ſtrong perpendicular braſs wire proceeds, 
the extremity of which comes as high as the center of the 
ball B, and is furniſhed with an horizontal ſpring ſocket, 
through which the wire C E; having the braſs ball C at one 
end, and the open ring E at the other, may be ſlided back- 


| wards and forwards, ſo as to ſet the braſs ball C at any re- 
quired diſtance from the ball B. This diſtance, at moſt, 


need not be greater than half an inch ; hence the eleQro- 
meter may be made very ſmall. Sometimes ſmall divi- 
viſions are marked upon the wire C E, which ſerve to ſet the 
balls B and C at a given diſtance from one another with 
more readineſs and preciſion. Now, ſuppoſe that the jar 
is ſet contiguous to the prime conductor, that is, with the 
ball B touching the conductor; that the ball C be ſet at one 
tenth of an inch diſtant from the ball B; and that, by 
means of a chain, a conducting communication be formed 


this 
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th scaſe, if the electrical machine be put in motion, the jar 
will be charged; and when the charge is ſo high as that the 
electric fluid accumulated within the jar can leap from the 
ball B to C, which we have ſuppoſed to be one tenth of an 
inch aſunder, the diſcharge will happen, and a ſpark ap- 
pear between the ſaid balls, and the ſhock paſſes through 


the chain x; for the part FD of the electrometer being of 


glaſs, generally Eovered with ſealing- wax, is impervious to 
electricity, conſequently the electric fluid has no other way 
through which it can paſs from the infide to the outſide: of 


the glaſs jar. When the ſhocks are to be given with this 


apparatus to any particular part of the body, for inſtance, 
to che arm, then inſtead of the chain x, which-muſt now: be 
taken away, two {lender and pliable wires, EL. FE; are 

to be faſtened; one to the open ring E of the electrometer, 
and to the braſs hook I of the ſtand H I, which communi- 
cates with the outſide coating of the jar. Ifthe jar has not 
the ſtand H I, the extremity I 'of the wire I L may be 
ſimply reſted undet;”or may be tied round it. In ſhort," it 
muſt be put in contact with the outſide coating of the jar; in 
any convenient manner. The other extremities of the faid | 
wires are faſtened each to the braſs wires L, and L of the 
directors K L, K L. | Each of thoſe inſtruments; juſtly 
called directors, conſiſts of a knobbed braſs wire L., which 
by means of a braſs cap is cemented to the glaſs handle K. 
The operator, holding them by the extremity of the'glafs 
handle, brings their balls into contact with the extremities 
of that part of the body of the patient through which he de- 
ſires to ſend the ſhock. The management and convenience 
of this apparat are eaſily comprehended by inſpecting the 
figure ; for when the machine is in motion, and the appa- 
ratus, &c, is ſituated as in the figure, the diſcharge of the 
Jar muſt be evidently made through that part of the patient's 
N 2 SS arm, 
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_ arin, Which hes between the knobs of the directors; and 


the aperator, whilſt en aſſiſtant keeps the machine in mo- 


tion, has nothing more to do, but to hold the knobs of the 
directors to the extremities of the arm, or to any other part 
of the body that is required to be thus electrified; always 
taking care that the two wires E L, I L, do not touch 
| teach other, becauſe in that caſe the ſhock will not paſs 
through that part uf the body which is required to be elec. 
triſied. Thus any number of ſhocks, preciſely of the fame 
tirength, may ibe given, without altering any part of the 
apparatus, or having any farther trouble; and when the 
ſtrength of the ſhocks is required to be diminiſhed or in- 
creaſed, .it is only neceſſary to diminiſh or augment the diſ- 
tancei between the balls B C, which is done by ſlipping the 


-wire-© Ea of backwards TY fpring ſocket 


that halds it. 


It i Amd needleſs:to mention, that PRE ſhocks are 
ndmmiſtered, it is immaterial whether the patient ſtands 
upon the ground, upon the inſulating ſtool, or in any other 
ſituation whatever, Neither is it always neceſſary to re- 
move the xloathes fram the part that is to be electrified, in 
order to det the knobs of the directors touch the ſkin; for, 
except the coverings be too many and t00 thick, in which 
caſe part of them at leaſt ſhould be removed, the ſhocks will 
£9 through them very eaſt, eſpecially ir the {nahs ofthe 
nn ‚ n;.: 211 
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Of the Technical Terms uſed by Writers on the _ of 
zz _ Elenicity, 


BATTERY, rica, a number of jars combined Plae 111. 


together, ſo that they may be all charged and diſcharged at 
the ſame ti time. "The form of ons is exhibited. Fig. 12. 


cn. b an additional iis of dect 
matter upon one ſide of a plate of glaſs, or a jar,” while the 
other ſide is exhauſted in the ſame proportion. All other 
electric ſubſtances are capable of being charged as well as 


Circuit, electric, thoſe conducting ſubſtances which are 
made uſe of to form a communication between the two 
coatings of a charged jar or battery, Rc. and through 
which the eleftric matter muſt paſs, when the equilibrium 
between the two fules is reſtored by che diſcharge. U. 


7 | 


Coatings, plates of metal, or other eonducting ſubſtances, 


laid upon plates of glaſs, or other electrics, whereby the 


additional quantity of electric matter, called the charge, may 
de the more eaſily and uniformly conveyed to them, or diſ- 
* from them, 


Cendudter, prime, a piece of metal furniſhed with points, 
to receive ele&ric matter from the globe, after it has been 
excited by friction. It muſt always be inſulated, or cut off 
from a communication with the earth by means of electric 
en. ſuch as glaſs, baked od, &c. Whenever the 

conductor 


— 


| 
i 
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conductor is mentioned, the ee ee 
* 


Conduttors, or conducting ſubſlances; ; thoſe bodies through 
which the electric matter may be tranſmitted. They are 
alſo called non· electrics, becauſe no W powers can be 
excited in them by fnidion. 8 | 


1 


Diſcharging, reſtoring the inn of the cleAric fluid, 
after it has been diſturbed by charging. It is affected by 
forming a communication between the overloaded and the 
exhauſted ſide of a glaſs jar, battery, &c. by means of con- 
ducting ſubſtances, through Which the overplus or charge 


may pals from the one to the other. When the ye] is 
conſiderable, it is often called an "7 2 


Diſebarging red, a braſs 4 wich a knob at Ach end, 


very convenient either for taking ſparks from the prime con- 


duQor, or for diſcharging jars or batteries. It is ſometimes - 


bent into a ſemicircular form, | in-order to bring one of the 
knobs to the outſide, and the other to the wire, communi- 


cating with the inſide of a charged jar, in order to diſcharge 


it, by recciving the exploſion on the knob. 


Electric matter, that ſubtle fluid which is ſuppoſed to be the 
cauſe of all thoſe appearances which are termed electric. It 
is ſometimes ow electric fire, and ſometimes ether. 


Eleerice, thoſe bodies i in which electric powers 01 attrac- 
tion, repulſion &c. may be excited by friction. They are 


are alſo called non-conduftors, becauſe the electric matter 
cannot ey through them. 


Elec- 


Aa man 
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| Eleftromcters, inſtruments to meaſure the degree of elec- 
trification ; (that is the quantity of electric matter thrown' 
_ any body) or the force of an electrical N 
Beeten the act of exciting or calling forth cleric 
powers from electric ſubſtances, by enne of friction, and 
other methods. 


Inſulating, placing bodies where they are not in contact 

with any conducting ſubſtance; as by ſuſpending them in 
the air by ſilken ſtrings, putting them on glaſs ſtands, &c. 
ſo that the electricity they may be charged with cannot be 
conveyed to the earth. 


Negative electricity, a leſs quantity of the electric matter 
than is natural to any body. 


Pencil, the appearance of electric light iſſuing from the 
point of a ur. electrified poſitively. | 


Py five eefricity a r of electric matter thrown 
upon any body, above its natural ſhare. 
"oF 

Rubber or cuſhion, a piece of leather, or any other ſub- - 
ſtance againſt which the glaſs globe, or ether eleQric body 
whirled in the machine, is rubbed, in order to excite them. 

Shock, electric, the convulſion given to the animal 
muſcles by the paſſage of the electric matter through them, 
eſpecially in the diſcharging of a jar or battery. | 


— — 
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Star, the appearance of eleAric hghoſrom. the point of 
mY mn 


Wire of a phial, a jar, or battery, the wire or metal rod 


which goes into the phial, and which touches the inſide 
coating. This wire is therefore 3 * 


— 


Two Methods to make Amalgam. 


| FIRST take ſpelter four ounces, and: diſſolve: it in an 
iron ladle over a fire, let it cool a little, hut not ſo as to be- 
come quite ſtiff; add to it, while in that ſtate, ſix ounces 
of mercury, and ſtir them well up together; then turn it 
out of the ladle upon a ſmooth ſtone, and grind it with a 
muller till it becomes like fine tough paſte, which, put into 
a box, and it is ready for uſe. If it ſhould become too 
hard, grind it again with a. little more mercury; the. ad- 


dition of alittle tallow may be occaſionally added. 


. The Second Method. 


TAKE of tin one pound; flowers of ſulphur ſeven 
ounces; ſal ammoniac, and purified quickiiver, of each 
half 2 pound. £ * 


Melt the tin by itſelf, add to it the quickſitver, and when 
the mixture is grown cold reduce it into powder : mix this 
with the ſulphur and fal ammoniac, and ſublimate it in a 
matraſs: the moſaic gold will be found under the ſublimated 
matter, with ſome droſs at the bottom: this is thought as 


werful an as the former, ® 
po amalgam | 1 


ſe 
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A Compoſition for lining the inſide of Globes or Cylinders, 


TAKE four parts of Venice turpentine, one part of rolin, 
and one of bees-wax, boil the whole over a gentle fire- for 


two hours, and it is fit for uſe, When a globe or cylinder 


is to be lined, it muſt be put into an oven, with a ſufficient 
quantity of the compoſition, broken, and put in the inſide, 
and when it is melted, it muſt be turned round every way, 
in order to ſpread it all over equally. This lining has been 
found to increaſe the electric power amazingly. Mr. 
Prieſtley uſed linſeed oil and roſin in the ſame manner as 
above directed, the proportion was equal parts of each, 


boiled "= well together. 


4 — for all the Parts of the Machine which are inſulated. 


TAKE ſpirits of wine, highly rectified, and in it, diſ- 
ſolve the beſt ſealing-wax to a tolerable ſtiff conſiſtence, with 
which, varniſh over all your glaſs pillars, to keep off the 
moilture they attract from damp air. 
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P EUMAT ICS, is that branch of natural philoſo- 
phy which treats of the nature, weight, preſſure, and 
elaſticity of the air, and the effects riſing therefrom. 


Of the Properties of the Air. 


THE air is that thin tranſparent fluid in which we lire 
and breathe, It encompaſſes the whole earth to a conſider- 
able height; and, together with the clouds and vapours 
that float in it, it is called the atmoſphere. The air is 
juſtly reckoned among the number of fluids, becauſe it has 
all the properties by which a fluid is diſtinguiſhed, For, it 
yields to the leaſt force impreſſed, its parts are eaſily moved 
among one another, it preſſes according to its perpendicular 
height, and its preſſure is every way equal. 


That the air is a fluid, conſiſting of ſuch particles as have 
no coheſion betwixt them, but eaſily glide over one 
another, and yield to the ſlighteſt impreſſion, appears from 


that eaſe and freedom, with which animals breathe in it, and 
| move 
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ance. 


But ĩt differs from all n fuids, 4 in the four following 
e 1. It can be compreſſed into a much leſs 
ſpace then what it naturally polſefſeth. 2. It cannot be 
congealed or fixed, as other fluids may. 3. It is of a dif- 
ferent denſity in every part, upward from the earth's ſur- 
face; decreaſing in its weight, bulk for bulk, the higher 
it riſes; and-therefore muſt alſo decreaſe in denſity. 4. It 
is of an elaſtic or ſpringy nature, and the force of its ſpring 
is equal to its weight, 


That air is a body, is evident from its excluding all 
other bodies out of the ſpace it poſſeſſes: for, if a glaſs jar 
be plunged with its mouth downward into a veſſel of water, 
there will but very little water get into the jar, becauſe the 
air of which it is full keeps the water out. 


As air is a body, it muſt needs have gravity or weight; 
and that it is weighty, is demonſtrated by experiment. 
For, let the air be taken out of a veſſel by means of the air 
pump, then, having weighed the veſſel, let in the air again, 


and upon weighing it when refilled with air, it will be 


found conſiderably heavier. Thus, a bottle that holds a 
wine quart, being emptied of air and weighed, is found to 
be about 16 grains lighter than when the air 1s let into: it 
again; which ſhews that a quart of air weighs 16 grains, 
But a quart of water weighs 14621 grains; this divided by 
16 quotes 914 in round numbers; which ſhews, that wa- 
ter 15 914. times 1 air near the ſurface of the 
earth, eder 1681 ö 
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move through it without any difficulty or ſenſible reſiſt- 
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As the air riſes above the earth's ſurface, it-grows rarer, 
and conſequently lighter, bulk for bulk. For ſince it is 
of an elaſtic nature, and its lowermoſt parts are preſſed with 


the weight of all that is above them, it is plain that the air 


muſt be more denſe, or compact at the earth's ſurface, 
than at any height above it; and gradually rarer the higher 
up. For the denſity of the air is always as the force that 
compreſſeth it: and therefore, the air toward the upper 
part of the atmoſphere being leſs preſſed than that which is 


near the earth, will expand itſelf, and 1 become 


thinner than at the earth's ſurface. 


Dr. Cotes has demonſtrated, that if altitudes in the air 


be taken in arithmetical proportion, the rarety of the air 
will be in geometrical proportion. For inſtance, 


— 


— 


kimes thinner and lighter than at MHlC.CArth > MULLS, 
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And hence it is eaſy to prove by calculation, that acubic 
inch of ſuch air as we breathe would be ſo much rarefied 
at the altitude of 500 miles, that it n Wü N 4 
equal in r of Saturn. | 


The weight or i of the air is Ty determined 
by the . experiment. | 
2 

Take a glaf ache eat and open at one 
end; fill it with quickſilver, and, putting your finger 
upon the open end, turn that end downward and-immerſe 
it into a ſmall veſſel of quickſilver, Without letting in any 


air: then take away your finger, and the quickſilver will 


remain ſuſpended in the tube 291 inches above its ſurface 
in the veſſel; ſometimes more and at other times leſs, as 
the weight of the air is varied by winds and other cauſes. 
That the quickſilyer is kept up in the tube by the preſſure 
is evident; for, if the baſon and tube be put under a glaſs, 
and the air be then taken out of the glaſs, all the quick- 
ſilver in the tube will fall down into the baſon, and if the 


air be let in again, the quickſilver will riſe to the ſame 


height as before. Therefore the air's preſſure on the ſur- 
face of the earth, is equal to the weight of 294 inches 


depth of quickſilver all over the earth's ſurface, at a mean 
rate. 


A — column of quickſilver, 294 inches high, and 
one inch thick, weighs juſt 15 pounds, which is equal to the 
preſſure ot the air upon every ſquare inch of the earth's ſur- 
face; and 144 times as much, or 2160 pounds, upon every 
ſquare foot contains 144 ſquare inches. At this rate a 
middle ſized man, whoſe ſurface may be about 14 ſquare 
fect, ſuſtains a preſſure of 30240 paunds, when the air is of 
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a mean gravity: a preſſure which would be inſupportable, 
and even fatal to us, were it not equal on every part, and 


counterbalanced by the ſpring of the air within us, which is 
diffuſed through the whole body, and re- acts with an equal 


force againſt the outward preſſure. 


Now, ſince the earth's ſurface contains 200, ooo, ooo 
ſquare miles, and every ſquare mile 27,876,400 ſquare feet, 
there muſt be 5,575,680,000,000,000 ſquare" feet on the 
earth's: ſurface; which multiplied by 2160 pounds (the preſ- 
ſure on each ſquare foot) gives 12,04.3,468,800,000,000,000 


pounds for the preſſure; or weight of the whole atmoſ- 


When the end of a pipe is immerſed in water, and the 
air is taken out of the pipe, the water will riſe in it to the 
height of 33 feet above the ſurface of the water in which it 


is immerſed; but will go no higher: for it-is found, that a 
common pump will draw water no higher than 33 feet above 
the ſurface of the well; and unleſs the bucket goes within 
that diſtance from the well, the water will never get above 
it. Now, as it is the preſſure of the atmoſphere on the ſur- 
face of the water in the well that cauſes the water to aſcend 
in the pump, and follow the piſton or bucket, when the air 
above it is lifted up; it is evident, that a column of water 33 


feet high, js equal in weight to a column of quickſilver of 


the fame diameter, 204 inches high; and to as thick a 
column of air, reaching from the carth's ſurface to the top 


of the atmoſphere. 


In ferene calm weather, the air has weight enough to 
ſupport a column 31 inches high; but in tempeſtuous 
ſtormy weather; not above 28 inches, The quickſilver 

2 thus 
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thus ſupported in a glaſs tube, is found to be a nice coun- 
terbalance to the weight or preſſure of the air, and to ſhew. 
its alterations at different times. And being now generally 
uſed to denote the change, in the weight of the air, and of 
the weather conſequent upon them, it is called the barometer 
or weather glaſs. (See the conſtruction and uſe of the ba- 
rometer in the Miſcellaneous Articles.) 


The preſſure of the air being equal on all ſides of a body 
expoſed to it, the ſofteſt bodies ſuſtain this preſſure without 
ſuffering any change in their figure; and ſo do the moſt 
brittle bodies without being broke. 


The air is rarefied, or made to ſwell with heat, and of 
this property, wind is a neceſſary conſequence. ' For, when 
any part of the air is heated by the ſun, or otherwiſe, it 
will ſwell and thereby affect the adjacent- air; and fo by 


various degrees of heat in different places, there will ariſe 


various winds. y 

When the air is much heated, it will aſcend towards the 
upper part of the atmoſphere, and the adjacent air will ruſh 
in to ſupply its place; and therefore, there will be a ſtream 
or current of air from all parts towards the place where the 
heatis. And hence we ſee the reaſon why the air ruſhes with 
ſuch force into any place where a great fire is made. And 


alſo, why ſmoke is carried up a chimney, and why the air 


ruſhes in at. the key hole of the door, or any ſmall chink, 
when there is a fire in the room. . So we may take-it in 
general, that the air will preſs towards that part of the world 


Where it is CY 


Upon 
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Upon this principle, we can eaſily account for the trad: 
winds, which blow conſtantly from eaſt to weſt about the 
equator. For, when the ſun ſhines perpendicularly on 
any part of the earth, it will heat the air very much in 
that part, which air will therefore riſe upward, and when 
the ſun withdraws, the adjacent air will-ruſh in to fill its 
place ; and conſequently will cauſe a ſtream or current of 
air from all parts towatds that which is moſt heated by the 
fun. But as the ſun, with reſpect to the earth, moves from 

eaſt to weſt, the common courſe of the air will be that way 
too; continually preſſing after the ſun: and therefore, at 
the equator where the ſun ſhines ſtrongly, there will be a 
continual wind from the eaſt; but on the north ſide, it will 
incline a little to the north, and on the ſouth ſide to the 


ſouth. 
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This general courſe of wind about the equator, is changed 
in ſeveral places, and upon ſeveral accounts; as 1. By ex- 
halations that riſe out of the earth at certain times, and from 
certain places; in earthquakes, and volcanoes. 2. By the 
falling of great quantities of rain, cauſing thereby a ſudden 
condenſation or contraction of the air. 3. By burning 
ſands, that often retain the ſolar heat to a degree incredible 
to thoſe who have not felt it, cauſing a more than ordinary 
rarefaction of the the air contiguous to them. 4. By high 
mountains, which alter the direction of the winds in ſtriking 
againſt them. 5. By the declination of the ſun towards the 
north or ſouth, 5 the air on the north or ſouth = 
the equator. | | 
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To theſe and ſuch like cauſes are owing. 1. The irre- 
gularity or uncertainty of winds in climates diſtant from the 
equator, as in moſt parts of Europe. 2. Thoſe periodical 

winds 
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winds called monſooxs, which in the Indian ſeas blow halt The Mong 
2 year one Way, and half a year another. 3. Thoſe winds 
which on the coaſt of Guinea, and on the weſtern coaſts of 
America, blow always from weſt to eaſt, 4. The ſea 
breezes, which in hot countries, blow generally from ſea 
- to land, in the day time; and the land breezes, which + 
blow in the night; and, in ſhort, all thoſe ftorms, hurci= 
canes, whirlwinds, and irregularities, which happen at 
different times and places. 


All common air is - impregnated with a certain kind of Thevirt 
viviſying ſpirit or quality, which is neceſſary to continue the ar. P 
lives of animals: and this, in a gallon of air, is ſufficient' 

for one man during the ſpace of a minute, and not much 
longer. 


This ſpirit in air is deſtroyed in paſſing. through the 
lungs of animals: and hence it is, that an animal dies ſoon 
after being put under a veſſel which admits no freſh air ta 
come to it. This ſpirit is alſo in the air which is in water; 
for fiſh hen they are excluded from freſn air, as in a 
pond that is cloſely frozen over. And the little eggs of in- 
ſects ſtopped up in a glaſs do not produce their young, 
though aſſiſted by a kindly warmth. ' The ſeeds alſo of 
plants mixed with good earth, and incloſed in a glaſs will 
not grow. „ Ba | 


This enlivening quality in air, is alſo deſtroyed by the 
air's paſſing through fire; particularly charcoal fire or the 
flame of ſulphur. Hence ſmoaking chimnics muſt be very 
- unwholeſome, eſpecially if the rooms they are in be ſmall 
P and cloſe, | 8 
1 * 
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Air is alſo vitiated, by remaining cloſely pent up in any 
| place for a conſiderable time; or: perhaps, by being mixed 


with malignant ſteams es flowing from the neigh- 


bouring bodies: or laſtly, by the corruption of the vivifying 


ſpirit; as in the holds of ſhips, in oil ciſterns, or wine cel. 


lars, which have been ſhut for a conſiderable time. The 


air in any of them is ſometimes ſo much vitiated, as to be 
immediate death to any animal that comes into it. 

Air that has loſt its vivifying ſpirit is called damp, not 
only becauſe it is filled with humid or moiſt vapours, but 


. becauſe it deadens fire, extinguiſhes flame, and deſtroys 


life. The dreadful effects of damps are re known | 


to ſuch as work in mines, 


If part of the vivifying ſpirit in air in any country begins 


to putrify, the inhabitants of that country. will be ſubject to 


an epidemical difeaſe, which will continue until the putre- 
ſaction is over. And as the putrifying ſpirit occaſions this 


diſeaſe, ſo if the diſeaſed body contributes towaxds the pu- 
trifying of the air, then the diſeaſe will not o epide- 


mical, but peſtilential and contagious, - * 


The atmoſphere is the common receptacle of all the ct- 
fluvia or vapours ariſing from different bodies; of the ſteams 
and ſmoke of things burnt or melted ; the fogs or vapours 
proceeding from damp watery places; and of the effluvia 
proceeding from ſulphureous, nitrous, acid, and alkaline 
bodies. In ſhort, whatever may be called volatile, riſes in 
air to greater or leſs heights, according to its ſpecific 
gravity. b * 
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When the effluvia which ariſe from acid and alkaline Ferments. 

bodies meet each other in the air; there will be x ſtrong 

conflict or fermentation between them; which will ſome- 

times be ſo great, as to produce a fire; then if the effluvia' 

be combuſtible, the fire will run from one part to another, 

nnn | , 


hay one may be convinced of this, by mixing an acid 
and an alkaline fluid together, as Glauber's ſpirit of nitre 
and oil of cloves, upon the doing of which, ' a ſudden 
ferment, with a' fine flame, will ariſe; and if the in- 
gredients ne. ſtrong, there en ſudden 
exploſion, ' ' | & 


Whoever conſiders the effects of fermentation, cannot be Thunder 
xt a loſs to account for the dreadful effects of thunder and 119 
lightning: for the efftuvia of ſulphureous and nitrous bodies, 
and others that may riſe into the atmoſphere, will ferment 
with each other, and take fire 'very often of themſelves; ' af 


ſometimes by the affiſtnce of the fun heat. þ 


If the inflammable matter be thin and light, it will riſe 
to the upper part of the atmoſphere, where it will flaſh 
without doing any harm: but if it be denſe, it will lie , 
nearer the ſurface of the earth, where taking fire, it will 
explode with a ſurprizing force: and by its heat rarefy and 
drive away the air, kill men and cattle, ſplit trees, 1 
rocks, &c. and be 28 with terrible claps of 
thunder, TINT 
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The heat of x lightning appears to be quite different f from 
that of other fires; for it has been known to run through 
wood, _” cloth, &c. without hurting them, whe it 
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has broken and melted iron, ſteel, ſilver, ad and otic 
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hard bodies. Thus it has melted or burnt aſunder a ſword, 
without hurting the ſcabbard; and money in a man's 
pocket, without hurting: his cloaths; the reaſon of this 
ſeems to be, that the particles of that-fire are ſo fine, as to 
paſs through ſoft, looſe bodies, without diſſolving them; 
whilſt they ſpend their whole force upon the hard ones. 


It is remarkable, that knives and forks which have been 
ſtruck with lightning have a very ſtrong magnetical virtue 
for ſeveral years after: and I have heard that lightning 


ſtriking upon the mariner's compaſs, will ſometimes turn it 
round; and often make it ſtand the contrary way ;. or with 


the north pole towards the ſouth, 


| Firedamps Much of the ſame kind with lightning are thoſe explo- 


fions, called fulminating or fire damps; which ſometimes 
happen in mines; and are occaſioned by ſulphureous and 
nitrous, or rather oleaginous particles, riſing from the mine, 
and mixing with the air, where they will take fire by the 
lights the workmen are obliged to make uſe of. The fire 
being kindled will run from one part of the mine to ano- 
' ther, like a train of gunpowder, as the combuſtible matter 
happens to lie ; and as the elaſticity of the air is increaſed 
by that. heat, /hat in the mine will conſequently ſwell very 
much, and ſo, for want of room, will explode with a greater 
or leſs degree of force, according to the denſity of the com- 
byſtible vapours. III is ſometimes ſo ſtrong, as to blow up 
the mine; and at other times fo weak, that when it has taken 
hre at the flame of a candle, it is eaſily blown out. 


Air that wil take he at the flame of a candle, may be 
pris Having exhauſted a receiver. of the ait- 
pumps 
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pump, ler t air run into it through the flame of the oil of 
turpentine; then remove the cover of the receiver, and 
holding a candle to that air, it will take fire, and burn 
quicker or flower, according to the denſity of the oleaginous 


When ſuch combuſtible matter, as is above-mentioned, Earth. 
kindles in the bowels of the earthy where there or . 
no vent, {it produces earthquakes, and violent 
rr Gre . tas: rs in the air. | 


S Or 


An artifici | an donhd Tak 10 or 
15 pounds of ſulphur, and as much of the filings of iron, 
and knead them with common water into the conſiſtetiey 
of a paſte; this being buried in the ground, will, in 8 or 10 
hours time, burſt out into flames, — to 
tremble n „ 


A ' 8 x 


3 theres: very eee | 
the fires of Mount Etna, Veſuvius, and other volcanpes, 
they being probably e 
2 9 — e 


The andre being: conſtruQted tis Aaake- way ha. 
water-pumps W TURE the one, — be at no Fig · 1 
e rock Date: 


Hai * wet Sander! RE: Dinka L of- _ ar- 

pump, place the glaſs receiver M upon the leather, ſa that 

| the h hole i, in the plate may be within the glaſs. Then, 

turning the handle F back ward and forward, the air will de 

pumped out of the receiver; w 5 o 
to the plate by the preſſure o 
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phere. For, as the handle F, ! Fig. 2.) is back- 
wards, it raiſes the piſton d e in the barrel B K, by means 
of the wheel E and rack D d: and, as the piſton isJeathered 
ſo tight as to fit the barrel exactly, no air can get between 
the piſton and barrel; and therefore all the air above d in 
the barrel is lifted up towards B, and a vacuum is made in 
in the barrel from b to e; upon which, part of the air in the 
recei (Fig. 1.) by its ſpring, ruſhes through the hole 
i, in the braſs plate L L along the pipe G CG (which 
communicates with both barrels in the hollow trunk I H K 
Fig. 2.) and puſhing up the valve b, enters into the va- 
cant place b e of the barrel BK. Fon wherever the re- 
ſiſtance or preſſure is taken off, the air will run to that place, 
if it can find a paſſage. Then, if the handle F be turned 
forward, the piſton d e will be depreſſed in the barrel; and, 
as the air which had got into the barrel cannot be puſhed 
back through the valve b, it will aſcend through a hole in 
the piſton, and eſcape through a valve at d; and be hin- 
dered by that valve from returning into the barrel, when 
the piſton is again raiſed. At the next raiſing of the piſton, 
2 vacuum is again made in the fame manner as before, be- 
tween band e; upon which, more of the air that was left 
in the receiver M, gets out thence by its ſpring, and runs 
into the barrel B K, through the valve B. The ſame thing 
is to be underſtood with regard to the other barrel A I; 
and as the handle F is turned backwazds and forwards, it 
alternately raifes and depreſſes the piſtons in their barrels; 
always raiſing one while it depreſſes the other. And, as 
there is a vacuum made in each barrel when its' piſton is 
raiſed, the particles of air in the receiver M puſh out ano- 
ther by their ſpring or elaſticity, through the hole i, and 
pipe G G into the barrels; until at laſt the air in the re- 
ceiver comes to be ſo m es, and its ſpring ſo far 
pm weakencd, 
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weakened, that it can no longer get through the valves; and 
then uo more can be taken out. Hence, there is no ſuch 
thing as making a perfect vacuum in the receiver; far the 


quantity of air taken out at any one ſtroke, will always be 


as the denſity thereof in the receiver, and therefore it is im- 
poſſible to take it all out, becauſe, ſuppoſing the receiver and 
barrels of equal capacity, there will be always as much left 
1 9 


There is a cock k below the pump plate which ow 
turned, lets the air into the receiver again ; and then the 
receiver becomes looſeand may be taken off the plate. The 


þarrels are fixed to the frame E e e by two ſcrew-nuts \ {, 
which preſs down the top piece E upon the barrels: 2 


the hollow trunk H (in Fig. 2.) is n 
GH (in Fig, 1.) | 


There is a glaſs tube lm m m n open at both ends, and 
about 34 inches long; the upper end communicating with. 
the hole in the pump-plate, and the lower end immerſed 
in quickſilver at n in the veſſel N. To this tube is fitted 
a wooden ruler m m, called the gauge, which is divided into 
inches and parts of an inch, from the bottom at n (where 
it is even with the ſurface of the quickſilver) and conti- 
nued up to the top, a little below 1, to 30 or 3r inches. 


As the air is pumped out of the receiver M, it is like- 
wiſe pumped out of the glaſs tube I m n, becauſe that 
tube opens into the receiver through the pump plate; and as 
the tube is gradually emptied of air, the quickſilver in the 
veſſel N is forced up into the tube by the preſſure of the at- 
moſphere. And if the receiver could be perſectly ex- 
hauſted of air, the quickſilver would ſtand as high in the 

tube 
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tube as it does at that time in the barometer: for it is ſupa 
ported by the ſame power or weight of the atmoſphere in 


both. — 


The quantity of air exhauſted out of the receiver on each 
turn of the handle, is always proportionable to the aſcent of 
the quickſilver on that turn; and the quantity of air re- 
maining in the receiver, is proportionable to the defect of 
the height of the quickſilver in the gauge, from what it is 
at that time in the barometer, © 


I ſhall now give an account of . 
with the air pump; ſhewing the reſiſtance, weight, and 


(Gſicity of the air, 


To ſhew the . of the air. There is a little ma- 
chine, conſiſting of two mills, a and b, which are of equal 
weights, independent of each other, and turn equally free 
on their axles in the frame. Each mill has four thin arms 
or ſails fixed into the axis: thoſe of the mill a have their 
planes at right angles to its axis, and thoſe of b have their 
planes parallel to it. Therefore, as the mill a turns round 
in common air, -it is but little reſiſted thereby, becauſe its 
fails cut the air with their thin edges: but the mill b is much 
reſiſted, becauſe the broad ſide of its ſails move againſt the 
air when it turns round. In each axle is a fine pin near 
the middle of the frame, which goes quite through the 
axle, and ſtands out a little on each ſide of it: under theſe 
pins, the ſlider a may be made to bear, and ſo hinder the 
mills from going, when the ſtrong ſpring C is ſet on bend 


againſt the 4 ends of the pins. 
. 


Y 
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n ſet this ma | upon, th L 
(ig. 1.) draw up the lige d to he pins gune ſide, and 
ſet the ſpring Cat bend u eee of the pins: 
then puſh down the ider d, and the; ſpring acting equally: 
ſtrong upon each mill, will ſet them both a going with 
equal forces and velocities ; but the Emil a, will run much 

| longer than the mill b, e dir makes much leſs - 
reſiſtance againſt the edges its fails, than againſt the 
ſides of tos * 2 7a N 

Draw up the ſlider again, on, the ſpring upon as. 
pins as before; then cover the machine with the receiver 
M upon the pump-plate, and having exhauſted the receiver 

ol air, puſh down the wire PP (through the colldr of leas 
thers in the neck g) upon the ſlider; which will diſengage 
it from the pins, and allow, the mills to turn round by the 
impulſe of the ſpring: * as there is no air in the receivet 
to make any ſenſible reſiſtance againſt them, they will 

both move a conſiderable time longer than they did in the 
open air; and the moment that one the other will do 
ſo too. This ſhews' that air reſiſts es in motion, and 
that equal bodies meet with different degrees of reſiſtance, 
according as they preſent greater or leſs ſurfaces to the air, in 
the planes of their motions. 


Fig. 1. 


Take off the receiver M. and the mills; and _— Experi- 
the guinea ,a..and feathet b upon the braſs flap c, turn up ment II. 
the flap 1 into the notch d. Then, putting a * 
leather over the top of the tall B dit being open 
both at top and bottom) cover it with the pla | 
which the guinea andfeather tongs e d will then hang within 
che receiver. This done, pump the air out of the ——_— S | 

| i . * and | 


i 1 


— cz 4 If LY” my L421 — ws — hdd. —— 1 ww 


8 » 

1 2 2 
* which by a ſquare oe 
0 dz and the flap falling 
4 will deſcend with 
. d both will fall upon ibe 
4 Kn. 2 * : 
4 e 
{18 ought not to look at 
* the top, but at the bottom gf the receiver; in order to ſee 
: 4 the guinea and feathur fall Upon the. plate otherwiſe, on 
{i account of the r motion, they” will 1 
1 | * * $ e FR ” 
i} | 
ee 8 the Weg 7. fir. 
Pl f 
+ | =" HAVING guete bog. capy withyg, valve ted a over it, 
iT to the mouth of a thin bottle or Florence flaſk, Whoſe con- 
vt tents are extiftly known, ſcrew the neck of this cap into the 
4 | hole i of the pump-plate: then} ng exhauſted the air out 
4 of the flaſk, and it off the pump ktit be ſuſpended at 


one end of a and nicely countexpoiſed by weights 
in the ſcale at the other end: this done, "raiſe up the valve 
with a pin, and the air will ruſh into the flaſk with an 
audible noiſe: during which time, the flaſk will deſcend, 
and pull down that end of the beam. When the noiſe is 
er put as many grains ingo the ſcale at the other end, as 
| will reſtore the equilibrium; and they will ſhew exactly the 
"Wi of the quantity of air that has got i e flaſk, and 
it. If tde an exact quart, it wall be found, 
_ will e the equipoiſe of the balance, 
E — ben quickſilver ſtands 291 inches in the barometer; 
which ſhews, that when the air is at a mean rate of den- 


Jy, a . it weighs 1 * it weighs more * 
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e x.) OW inthe gur 
pump-plate, and upon exhauſting re@iver will ment IV. 
de fixed down to the te by the p of the air on its 


outſide, which is left to act alone; without any air in the re- 
ceiver to act againſt it: and this preſſure, will be equal to as 


3 5 
of the plate v Hache ; which wilthold”;.”. 
ES fo > faſky 1h: be gc | | 


5 e ar. = 


the hole ĩ upon the gump- plate . 
Cloſe upon the top of it at B: theft 


N vox find Re 05 


it, the ar de heide imo thi 
Nad 23 the xii by acted jc 
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F Having tied a piece "of 1 bladder RG top i L 

a of the glaſs A (which i al at bottant) be irs dh 2h, 

* and then the bladder will be tight like a drum. Then or 2 
nd place the open plate A upon the pomp- Plate, over the 

* 1. and begin to exhauſt the air out df rhe glaſs. As hehe * 

is exhauſting, its ſpring in the glaſs wi be weakened, and I 


give way to the preſſure of the ou air on the bladder. 


which, as it is preſſed down, . 


C CA | * R N cave 


* 


— 


* 


— 
— 


* 
$4 


* _ vb | an «4 
115 2 * * NRO puri 10 * 
$1 % cave vic will god deeper and deeper, nil the 
ſtrength er be overcome by the weight of the air; 
and then it will break with a report a; Sud as that of a gun. 
If a flat piess of 3 be laid upon the top of this receiver, 
0 . and joined to it ring of wet leather between them, 
| 
| 


A. IP, 
— — w- 
—— — 2 


+ Indira IT IS 
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WET 
CD EED 


— 
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. 
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upon pumping E. of the Weeiyer, the preſſure of 
| C 
1 bn, * nr een 6B a0, 35 


* | . 
* . 5 3 8 7 * 


ö Experts” "ito duc inte 0 1 and ſet it on th 
N Fe. pump- plate hole ir chen let on the tall open ri 

Fig. 3, 9” .ceiver A g, 0 1 over the ii hole; and cover 
. * 5 85 rd&eivet braſs plate rew the open glaſs 
a dude te.) A 1 * braſs tip on it at h, into the ſyringe 
' 't HS" and be tube through: a hole in the; middle of 
i we plate, fo ed Fpmerſe die lywegend of the tube e ini 
2 ſercw the end h of the ſyringe 1 into the 
flo, draw up t gon! in the ſyringe by the, 
x >" 9 . in the ſyringe below the 
ud. of tube opens into the 
ty | — the air 222 dilated i in the tube, becauſe part of 
it it, by its ſpring, gets up into the ſyridge; and the ſpring af 
4! the undilated Air in the receiver acting upun the ſurface of 
_ the quick ſilver in the jar, he's. "oy ot it up into the 
I; tube: for: the Fuicklilver w . the, piſton. in the 
{|  ſyringe,- in the ſame ways 1 = ſame reaſon, that 
| 0 a water follows the piſton of a common pump, hen it js 
1 raiſed in the purgp- barrel; and this, according to ſome is 
done by ſuction. But to refute that erroneous notion, let 
the air be pumped out of the receiver A B, and then all the 


—7 N . Le SO OI 2: ov Coat bins =». a4 
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| quickſilver in che de WII fall down by its own weight 

0 into the jar; and cannot be raiſed one hair's. breadth} in the 

tube by working the hinge; which ſhews that ſuction had 
4 | * no 
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9 hand in raiſing the qu 
done by preſſure, let the air into the receiver by the cock k 
( fig-"1.) and its action upon the ſurface of the quiekfilver in 


the jar will raiſe it up into the tube, although the piſton of 


the ſyringe contintiẽs motionleſs If the tube be about 33 
or 33 inches high the quickſilver will riſe in it very near as 
high as it ſtands at that time in the barometer. And, if 
the ſyringe has a ſmall hole, as m, near the top of it, and 

the piſton be drawn up above that hole, the air will ruſſi 
through the hee inte the ſyringe Ale rube, and the"quick 


be tube to the ſame height that it ſtands in the ba- 


in the tube is the ſame as ghe weight of a 
. fer air of the ſame 


"and a — 


ickneſs with, the quickſilver, 
o be tap of the YEE 


in Halt Ni — it, on the p,yer;- 
pump-plate as in the laſt experiment, cover it with the re- 2 


che B. then puſh che Open end of the glaſs tube d © 
through die collar of le mers in the braſs neck Chich, 
i fits {0 as to be air-tight) almoſt down tg the quick- 
fiver in the jar. Then exhauſt the air out of the receiver, 


and it will alſo come out of the tube, hecauſe the tube is 


cloſs-at top. che gauge m m ſhews that — 
is well ex hauſtee the tube, ſo as to immerſe i 
end into the quickſilver in the jar. Now, Aube 0 — | 


tube be. exhauſted of air, none of the quickſilver will riſe - 
ma it, becauſe there is no air left in the receiver to preſs 


upon its ſurface in the jar. But let the air into the receiver 
by us, cock k, and the quickſilver will immediately gk in 
"1 the 
4,9 | 


+ 


ver; and to prove that it is 


ritu berais-tight, the quicklilver qnay be pumped . 


* but it will go no higher, becauſe then the weight 


F | 
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the tube; and ſtand as h * was pumped up 
n fs c. 2T 
, „ f 4.2 aA 
Both theſe ex that the quickſilver is 4 


ported in the barometer 8. preſſure the air on its ſur. 


face in the box, in which the open end of the tube is placed, 
And that the more denſe and heavy the air is, the higher 
the quickſilver riſes; and on the contrary, the thinner and 
lighter the air is, the more will the quickſilver fall. For 
if the handle F be tu ever ſo little, it takes ſome air 
out of the receiver, ö ink ar oli gfÞmee 
in its barrel; and conſequently, that which 
quickſilves is fo much the rarer, and has ſo mich*hgjleſs 
ſpring and weight; and thereupon. the quickſilver fall 2 
little in the tube: but upon turning the cochf and re- al- 
mitting the . ee, it becomes as weighty 23 


before, and the quickſilver xiſss again to the, ſame height," 


Thus wee. the reaſon why the quickſilyer i in the baro- 
meter falls de fore rain or ſnow, and riſeg, before fair ea · 


ther; for in the former caſe the air is too thin and light to 
bear up the eee 


nen 

4 pe * FER 8 
me. tr puraghl/a Het pipe muſt be ſcrewed into the 
hole i, ſo as to riſe about an inch aborg the plat, to per 
vent the quickſilver from getting i air. pipe and 
barrels, in Caſe any of ĩt ſhould be accidentally ſpilt over 
the jar; for if it once gets into the pipes or barrels, it 


—_D 
* 


| ſpoils them, by looſening the folder, and corroding the 
| 0. i afar» „ „I 2ST 255 2 


braſs. 
Tile 


piſtons, 
m the 


9 , 
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4 

2 Take the tube out of the receiver, and put one end of z Experi- 
bit of dry hazel branch, about an inchilgng, tight into t 
hole, and the other end tight into a hole quite through the 
bottom of a ſmall wooden cup: then. ou ſome quick: . 
ſilver into the cup, and exhauſt the receiver of air, and the 

preſſure of the outward air, on the ſurface of the quickſilver, 

will force it through the pores ofthe hazel-from whence it 


vill deſcend in a beautiful ſhow ern - LW 


under the receiver to catch it, ey , 2 
put a wire through the collar . 
receivers and fix a bit of dry on-the end of Yap, wing Fog 


within the receiver; then exhauſt the air, and puſh. the wire 92 
don, ſo 25 to immerſe the wood i into a jar of quick ſilver on a, 
plate ʒ this done, let in the air, and upon taking 2 
the wood out of the jar, and ſplitting it, 1 will be 

found full "of quickſilver, which the force OF the ais, upon 


A 
— > 
* 


nner 
* 


Join, the sbs hits and B Co i 
wich a wet leather between them, having a in the x 
of it; then ſcrew the end D of the pipe Dio the plate Fis 7. 

of the pump at i, and turn the cock E, ſo Dre 

be open all the way into the cavity of the res: then * 
exhauſt the air out of them, and ock a quarter 

round, which will ſhut the pipe C D, and kee, the air. 

This done, unſcrew the pipe at D' from p: and * 
ſcrew the piece F h upon it at D; and let two-ſtrong men LOOM 
try to pull the hemiſpheres aſunder by the rings g and h | 1 
which they will find hard to do; for if the diameter of the 

hemiſpheres be four inches, they will be preſſed together by 

the external air with a force equal to 199, pounds; and to 

ew that it is the PE the air That keeps them to- 


CY \ gether» 
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x 
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gether, hang them by either of the wings upon the hook P 
of the wire in thaggceiver M. (Fig. 1) and upon exhauſting 
the air out of the receiver, * will fall aſunder of them. 


Telves. EI 


a an” Www oa = 


Experi- Place a ſmall receiver O (Fig 1) near the hole i on the 

meat XII. pump plate, and cover both it and the hole with the te- 
ceiver Mʒ and turn yite ſo by the top P, that its hook 
may take hold of the ie receiver by a ring at its top, al- ce 
lowing that receiver to Hand with its own weight on the an 
plate. Then, upon working the pump, the air will come th 
out of both receivers; but the large one M, will be forcibly ſm 
held down to the pump by the preſſure of the external air; is 
_ whillt the ſmall one O, haying no air to-preſs upon it, pil the 
continue looſe, and may be drawn up and Ft down at fle 29 

ſure by the wire PP. But, upon letting it tits down to the fon 
plate, and admitting the air into the receiver M, by the cock Ha 
k, the air will preſs ſo ſtrongly upon the ſmall receiver O, as this 


1 to fix it down to the plate; and, at the fame time, by are 
counterbalancigg the outward preſſure on the large receiver 

M. ig will become looſe. This experiment evidently thews, Wl 1 

that the receivers are held down by preſſure, and not by (ma 

ſuckion, for, the internal receiver continued looſe while the rece 

» operator was pumping, and the external one was held down; {mal 

but the forme? tame faſt immediately by letting in theair thiny 

upon iti. Lt {prin 

o, 2 

plate vill. Screw the end A of the braſs pipe AB F into the pump ain 

mol plate, and turn the cock e until the pipe be open; then pat les 

ment XIII. a wet leather upon the plate c d, which is fixed on the pipe, 11 

and cover it with the tall receiver G H, which is cloſe at top: have | 

then exhauſt the àig out of the receiver, and turn the cock © ud ü 

81 - fo ö 
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to keep it out; which done; unſcrew the pipe from the 
pump, and ſet its end A into a baſon of water, and turn the 
cock e to open the pipe; on which, as there is no air in the 
receiver, the preſſure of the atmoſphere on the water in the 
baſon, will drive the water forcibly through the pipe, and F 
make it play upin AE: ta 


bet the Gquare phial A upon a e and having Plate VIL 
covered it with the wire cage. B, put a cloſe receiver over it —— 
and exhauſt the air out of the receiver; in doing which, 3 
the air will alſo make its way out of the phial, through a 
ſmall. hole in its neck under the valve b. When the air 
is exhauſted, turn the cock below the plate, to re- admit 
the air into the receiver; and as it cannot get into the phial 
again, becauſe of the valve, the phial will be broke into 
ſome thouſands of pieces by the preſſure of the air upon it. 

Had the phial been of a round form, it would have ſuſtained 

this preſſure like an arch, without breaking; but as its ſides 

are flat, it cannot. | 

To * the elaſticity or ſpring ofthe air. Tie up a very Erperi- 
fall quantity of air in a bladder, and put it under the Fg. i. 
receiver; then exhauſt the air out of the receiver: and the 

{mall quantity which is confined in the bladder (having no- 

thing to act againſt it) will expand itſelf ſo by the force of its 

ſpring, as to fill the bladder as full as it could be blown of 
common air. But upon letting the air into the receiver 

Zain, it will overpower the air in the bladder, ana 

des almoſt cloſe together, 


If the bladder ſo tied up be put into a wooden box, and Exper 
have 20 or 30 pounds weight of lead put upon it in the box, * _ 
ad the box be covered with a cloſe receiver ; upon exhauſt- 


* ing 


Plate VIIII. 


Fig. 3. 
Exp. 17. 
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ing che air out of the receiver, that air which is confined in 
the bladder will expand: itſelt _ to 1 the lead 157 
the . of its . an £14 WHIT £150 5 


De the pipe AB WI 33 8 & the tall re- 


ceiver G H upon the plate cd, as in the 13th experiment, 
and exhauſt the air out of the receiver ; then turn the cock e 


to keep out the air, unſcrew the pipe from the pump, and 


ſcrew it into the mouth of the copper veſſel CC (Fig. 4) 
the veſſel having been firſt about half filled with water. 
Then open the cock e (Fig. 3) and the ſpring of the air which 
is confined in the copper veſſel, will force the water up 
through the pipe A B in a jet into the exhauſted receiver, as 
ſtrongly as it did by its preſſure on the ſurface of the water 


Wr eee. > 


Exp. 18. 


Exp. 19. 


If a fowl, cat, rat, mouſe, or bird, be put under a receiver, 
and the air be exhauſted, the animal will be at firſt oppreſſed 
as with a great weight, then grow convulſed, and at laſt 
expire in all the agonies of a moſt bitter and cruel death. 


But as this experiment is too ſhocking to every ſpectator who 


has the leaſt degree of humanity, we ſubſtitute a machine 
n the lungs-glaſs in Place on the _ ; 


If 2 520 — in a receiver, by a fine thread 
tied to one of its horns, it will fly about in the receiver, as 
long as the reteiver continues full of air; but if the air be 
exhauſted, though the animal will not die, and will continue 
to flutter its wings, it cannot remove itſelf from the place 
where it hangs in the middle of the receiver, until the air be 


let in again, and then the animal will fly about as before. 


Pour 


4 


of 


USEFUL KNOWLEDGE, 123 


Pour ſome quickſilver into the ſmall bottle A, and ſcrew Exp. 20. 
the braſs collar c of the tube BC into the braſs neck b of tu 
bottle, and the lower end of the tube will be immerſed into 
the quickſilver, ſo that the air above the quickſilver in the 
bottle will be confined there, becauſe it cannot get about the 
joining, nor can it be drawn out through the quickſilver into 
the tube. This tube is alſo open at top, and is to be covered 
with the receiver G and large tube E F, which tube is fixed 
by braſs collars to the receiver, and is cloſe at the top. 

This preparation being made, exhauſt the air both out of 
the receiver and its tube; and the air will by the fame 
means be exhauſted out of the inner tube B C, through its 
open top at C; and as the receiver and tubes are exhauſting, 
the air that is confined in the glaſs bottle A will preſs fo by 
its ſpring upon the ſurface of the quickſilver, as to force it 
up in the inner tube as high as it was raiſed in the tenth 
experiment by the preſſure of the atmoſphere: which de- 
monſtrates that the ſpring of the air is equivalent to its weight, 


Put a cork into the ſquare phial A, and fix it in with x,, 2 
Wax or cement ; put the phial upon the pump-plate with the Vie l. * 
wire cage B over it, and cover the cage with a cloſe receiver; 
then exhauſt the air out of the receiver, and the air that 
was corked up in the phial will break the phial outwards by 
the force of its ſpring, becauſe there is no air left on the 
outſide of the phial to act againſt the air within it. 


Put a ſhrivelled apple under a cloſe receiver and exhauſt Exp. 22. 
the air; then the ſpring of the air within the apple will 
plump it out, ſo as to cauſe all the wrinkles to diſappear ; 
but upon letting the air into the receiver again, to preſs 
upon the apple, it will inſtantly return toits former decayed 
and ſhrivelled ſtate. 


* 
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Exp. 23 Take a freſh egg, and cut off a little of the ſhell and 
film from its ſmalleſt end, then put the egg under a re- 
ceiver, and pump out the air; upon which all the contents 
of the egg will be forced out into the receiver, by the ex- 
panſion of a ſmall bubble of air contained in the great end, 


between the ſhell and film. 1 
Exp. 24 Put ſome warm beer into a glaſs, and having ſet it on L 
the purnp, cover it with a cloſe receiver, and then exhauſt - is 
the ajr. Whilſt this is doing, and thereby the preſſure more fy 
and more taken off from the beer in the glaſs, the air therein in 
will expand itſelf, and riſe up in-innumerable bubbles to by 
the ſurface of the beer: and from thence it will be taken gr: 
away with the other air in the receiver. When the re- n 
- ceiver is nearly exhauſted, the air in the beer, which could up 
not diſentangle itſelf quick enough to get off with the reſt, * 
will now expand itſelf ſa, as to cauſe the beer to have all W; 
the appearance of boiling ; and the greateſt part of it will 91 
go over the glaſs. 
| 
Exp.25 Put ſome warm water into a glaſs, and put a bit of dry end 
wainſcqt or other wood into the water ; then cover the per 


glaſs with a cloſe receiver, and exhauſt the air, upon which 
the air in the wood having liberty to expand itſelf, will 
come out plentifully, and make all the water to bubble 

about the wood, eſpecially about the ends becauſe the 
pores lie lengthways. A cubic inch of dry wainſcot has ſo 
much air in it, that it will continue bubbling for near bali 
an hour together, 


Miſcellaneos 
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Miſcellaneous Experiment nts. 


; 


SCREW the ſyringe H (üg. 1.) to a piece of lead dec. 
weighs one pound at leaſt; and, holding the lead in 3 


hand, pull up the piſton in the ſyringe with the other; then, 
quitting hold of the lead, the air will puſh it upward, and 
drive back the ſyringe upon the piſton, The reaſon of this 
is, that the drawing up of the piſton makes a vacuum in the 
ſyringe, and the air, which preſſes every way equally, hav- 
ing nothing to reſiſt its preſſure upward, the lead is there- 
by preſſed upward, contrary to its natural tendency by 
gravity. If the ſyringe, fo loaded, be hung in a receiver, 
and the air be exhauſted, the ſyringe and lead will deſcend 
upon the piſton-rod by their natural gravity ; and, upon ad- 
mitting the air into the receiver, they will be driven up- 
ward again, until the piſton be at the very bottom of the 
ſyringe, | | 


Let a large piece of cork be ſuſpended by a thread at one xp. 27, 


end of a balance, and counterpoiſed by a leaden weight, ſuſ- 
pended in the ſame manker, at the other. Let this ba- 
lance be hung to the inſide of the top of a large receiver ; 
which being ſet on the 'pump, and the air exhauſted, the 
cork will preponderate, and ſhew itſelf to be heavier than 
thelead; but upon letting in the air again, the equilibrium 
will be reſtored, The reaſon of this is, that ſince the air is 
a fluid, and all bodies loſe as much of their abſolute weight 
in it, as is equal to the weight of their bulk of the fluid, 
the cork being the larger body, loſes more of its real weight 
than the lead does; and therefore muſt in fact be heavier, to 


balance it under the diſadvantage of loſing ſome of 1 its 
weight, 


Exp. 28. 


[| Exp. 29. 
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weight, which diſadvantage being taken off by removing 
the air, the bodies then gravitate according to their real 
quantities of matter, and the cork which balanced the lead 
in air, ſhews itſelf to be heavier when in vacuo. 


Set a lighted candle upon the pump, and cover it with a 
tall receiver. If the receiver holds a gallon, the candle 
will burn a minute ; and then, after having gradually de- 
cayed from the firſt inſtant, it will go out; which ſhews 
that a conſtant ſupply of freſh air is neceſſary to feed flame; 
and ſo it-alſo is for animal life. For a bird kept under a 
cloſe receiver will ſoon die, although no air be pumped out; 
and it is found that, in the diving bell, a gallon of air is ſuf- 
ficient only for one minute for a man to breathe in. 


The moment when the candle goes out, the ſmoke will be 
ſcen to aſcend to the top of the receiver, and there it will 
form a ſort of cloud; but, upon exhauſting the air, the 
ſmoke will fall down to the bottom of the receiver, and 
leave it as clear at the top as it was before jt was ſet upon 
the pump. This ſhews that ſmoke does not aſcend on ac- 


count of its being pofitively light, but becauſe it is lighter 


than air; and its falling to the bottom when the air is taken 
away, ſhews that it is not deſtitute of weight. So moſt ſorts 
of wood aſcend or ſwim in water; and yet there are none 
who doubt of the wood's having gravity or weight. 


Set a receiver which is open at top, upon the air pump, 
and cover it with a braſs plate, and wet leather ; and having 
exhauſted it of air, let the air in again at top through an iron 
pipe, making it paſs through a charcoal flame at the end of 
the pipe; and when the receiver is full of that air, lift up the 
cover, and let down a mouſe or bird into the receiver, and 
or. | the 
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the burnit air will immediately kill it. If a candle be let 
down into that air, it will go out directly; but by letting it 
down gently, it will purify the air ſo far as it goes; and ſo 
by letting it down more and more, the flame will drive out 
Mu eg bh TI x21 
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Set a bell upon a cuſhion on the pump plate, and cover it Exp. 30. 


with a receiver; then ſhake the pump to make the clapper 
ſtrike againſt the bell, and the ſound will be very well heard: 
but, exhauſt the receiver of air, and then, if the clapper be 
made to ſtrike ever ſo hard againſt the bell, it will make no 
ſound at all; which ſhews that air gies e eee i a 
— — ad 
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Leta candle be placed « on one de of: a receiver A and FER Exp. 31. 


through the receiver at ſome di ince; chen, as ſoon as the 
air begins to be exhauſted, the receiver will be filled with 
vapours, which riſe from the wet Jeather, by the ſpring of 
the air in it; and the light of the candle being refracted 
through that medium of vapours, will have the appearance 
of circles of various colours, of a faint reſemblance to thoſe 
« the rain-bow. 


"The . was invented by Otho Gueriche of Madge. 
burg, but was. much improved by Mr. Boyle, to whom we 
are indebted for our greateſt part of the knowledge of the 
e nnn 
e 312447. 11 810 gde 


| The dalle a air which is contalnindd in many bodies, andi is 
kept in them by the weight of the atmoſphere, may be got 
out of them either by boiling, ar by the air pump, as ſbewn 
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in the 24th experiment: but the fixed air, which is by much 
the greater quantity, cannot be got out but 4 een 
3 or en 


If ineds air - did not came.out of badles wich difficulty, and 
ſpend ſome time in extricating itſelf from them, it would 


tear them to pieces. Trees would be rent by the change of 


air, from a fixed to an elaſtic ſtate, and animals would be 
burſt in pieces by the exploſion of air in their food. 


Dr. Hales found by experiment, that the air in apples is 
fo much condenſed, that if it were let out into the common 
air, it would fill a ſpace 48 times as great as the bulk of the 
apples themſelves ; ſo that its preſſure outwards was equal 


to 117761b. and, in a cubic inch of. oak, to 19860 lb. 


againſt its ſides. So that if the air was let looſe at once in 
theſe ſubſtances, they would tear every thing to pieces about 


them. with a force ſuperior to that of gun-powder. Hence, 


in cating apples, it is well that they part with the air by de- 
grees, as they are chewed, and foment in the ſtomach, other- 
wiſe an apple would be immediate death to him who 
eats it. 


The mixing of ſome ſubſtances with others will releaſe the 
air from them, all of a ſudden, which may be attended with 
very great danger. Of this we have a remarkable inſtance in 
an experiment made by Dr. Slare ; who having put half a 
dram of oil of caraway-ſeeds into one glaſs, and a dram of 
compound ſpirit of nitre in another, covered them both on 
the air pump with a receiver 6 inches wide, and 8 inches 
deep, and then exhauſted the air, and continued pumping 
until all that could poſſibly be got both out of the receiver 
and out of the two fluids, was extricated ; then, by a parti- 

cular 
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cular contrivance from the top of the receiver, he mixed the 
fluids together; upon which they produced ſuch a prodi - 


gious quantity of air, as inſtantly blew up the receiver, als 
though it was preſſed down by the atmoſphere with up- 


wards of 400 pound weight. Obſetve in the 27th expe - 


timent, the cork muſt be covered all over with a piece of 
thin wet bladdet glued to it, mu ernciantaagt 
5 


The Guben 2 Ufe of the Baramites or Yi cather Glaſs 


THIS inſtrument is uſcful for meaſuring the weight of jig... 


the atmoſpheze, and in fortelling the changes of the weather, 
and alſo for meakurng the height of mountains, &c. 


The . glaſs . 


cally ſealed at one end; and filled with quickſilver, and de- 


ſecated and purged of its air. The finger being then placed 
on the open end, in immediate contact with the mercury, 
ſo as not to admit the leaſt particle of air, the tube is invert- 
ed, and the lower end plunged into a baſon of the ſame pre- 
pared mercury. (See Miſcellaneous Articles} then, upon re- 
moving the finger, the mercury in the tube will join that in 
the baſon, and the mercurial column in the tube will ſubſide 
to the height of twenty-nine or thirty inches, according tothe 


ſlate of the atmoſphere at that time, (See the ſeale.) This Fig. 6. 
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In eng ur de int ee, W 


of opinion, that the aſcent of water in pumps was owing to 


the abhortence of a vacuum; and, that by means of ſuction, 


b But Galilan, 


who 


— 
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— whe flouriſſied about that time, diſcovered that water would 
iſcovery. 


T orricel- 
lian Expe- 


riment, 


' conſidered, that if a column of water of about thirty-three in 
height was equal in weight to one of air having the ſame 


to remain long unobſerved: and accordingly philoſophers 
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not aſcend in a pump unleſs the ſucker reached withinthirty- 
three feet. of its ſurface in the well. From hence he con- 
cluded, that. not the power of ſuction, but the preſſure of 
the atmoſphere was the cauſe of the aſcent of water in 
pumps: that a column of water thirty-three feet high was a 
counterpoiſe to one of air of an equal baſe, whoſe height ex- 
tended to the top of the atmoſphere; and that for thisreaſon 
the water would not follow the ſucker any farther. From 
this TORRICELLI, Galilzo's diſciple, took the hint; and 


baſe, acolumn of mercury no longer than about twenty-nine 
inches and a half would be ſo too, becauſe, mercury being 
about fourteen times heavier than water, a column of mer- 
cury muſt be fourteen times ſhorter than one of water equally 
heavy. Accordingly, having filled a glaſs tube with mer- 
cury, and inverted it into a baſon of the ſame, he found the 
mercury in the tube to deſcend till it ſtood. abaut twenty- 
nine inches and a half above the ſurface of that in the 
baſon.- I 3336, 4 i TATIER V3 45 


It was, however, ſome time after the Torricellian ex- 
periment had been made; and even after it had been univer- 
fally agreed that the ſuſpenſion of the mercury was owing to 
the weight of the atmoſphere, . before it was diſcovered that 
this preſſure . of the air was different at different times, 
though the tube was kept in the. ſame place. But the va- 


riations of altitude in the mercurial columns were too obvious 


oon became careful enough to mark them. When this 
was done; it was impoſſihle to avoid obſerving alſo, that 


the changes. in. the height of the mercury. were accom- 


panied, 
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panied, or very quickly ſucceeded, by changes in the wea⸗ 
ther, Hence, the inſtrument obtained the name of the wea- 


ther-glaſs, and was generally made uſe of with a view to 
the foreknowledge of the weather. In this character, its 
principal eee nn 0 JN 241 


” $* * [4 


1. The riſing of the A preſſages, in general, fair 
weather; and its falling, foul weather, as rain, ſow, hig 


preſſages froſt; and in froſty weather, if the mercury falls 


three or four diviſions, there will certainly follow a thaw. 
But in a continued froſt, if the mercury riſes, it will r- 


tainly ſnow, 4. When foul' weather happens ſoon after 
the falling of the mercury, expect but little of it; and, on 
the contrary, expect but little fair weather when it proves 
fair ſhortly after the mercury has riſen. 5. In foul wea- 


ther, when the mercury riſes much and high, and 0 cone 
tinues for two or three days before the foul weather is 
quite over, then expect a continuance of fair weather to 


follow. 6. In fair weather, when the mercury falls much 
and low, and thus continues for two or three days before 
the rain comes; then expect a great deal of wet, and pro- 
bably high winds. 7. The unſettled motion of the mercury 


denotes uncertain and changeable weather. 8. Youare not Note. 


ſo ſtrictly to obſerve the words engraved on the plates 


(though in general i it will agree with them) as the mercury's 
riſing and falling. For if it ſtands'at much rain, and then 


riſes up to changeable, it preſages fair weather ; though 
not to continue ſo long as if the mercury had riſen higher: 


and ſo, on the contrary, if the W ſtood a at con: and 
8 2 falls 
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h Prelimina- 
ry rules to 


winds, and ſtorms. 2. In very hot weather, the falling nw 
the mercury foreſhews thunder. 3. In winter, the rifing Rs 
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Galilæo's 
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whe Jouriſhed about that time, diſcovered that water would 


not aſcend in a pump unleſs the ſucker reached within thirty- 
three feet of its ſurface in the well. From hence he con- 
cluded, that not the power of ſuction, but the preſſure of 
the atmoſphere was the cauſe of the aſcent of water in 
pumps: that a column of water thirty-three feet high was a 
counterpoiſe to one of air of an equal baſe, whoſe height ex- 
tended to the top of the atmoſphere; and that for thisreaſon 
the water would not follow the ſucker any farther. From 
this TORRICELLI, Galilæo's diſciple, took the hint; and 


conſidered, that if a column of water of about thirty-three in 
height was equal in weight to one of air having the ſame 


Torricel- 
lian Expe- 
riment, 


baſe, a column of mercury no longer than about twenty-nine 
inches and a half would be ſo too, becauſe, mercury being 
about fourteen times heavier than water, a column of mer- 
cury muſt be fourteen times ſhorter than one of water equally 
heavy. Accordingly, having filled a glaſs. tube with mer- 
cury, and inverted it into a baſon of the ſame, he found the 
mercury in the tube to deſcend till it ſtood. abaut twenty- 
nine inches and a half above the ſurface of that in the 


baſon.. 1 r ruh G: 


It was, however, ſome time after the Torricellian ex- 
periment had been made, and even after it had been univer- 
fally agreed that the ſuſpenſion of the mercury was owing to 
the weight of the atmoſphere, before it was diſcovered that 
this preflure of the air was different at different times, 
though the tube was kept in the ſame place. But the va- 
riations of altitude in the mercurial columns were too obvious 


to remain long unobſerved: and accordingly philoſophers 


oon became careful enough to mark them. When this 
was done; it was impoſſible to avoid obſerving alſo, that 
the changes in. the height of the mercury were accom- 
, 2 | Na panied, 
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panied, or very quickly ſucceeded, by changes in the wea- 
ther. Hence, the inſtrument obtained the name of the wea- 


ther-glaſs, and was generally made uſe of with a view to 
the foreknowledge of the weather. In this 2 buy 


principal — as follows: '; 


1. The riſing of the mercury preſſages, i in general, fair 
weather; and its falling, foul weather, as rain, ſnow, high 


-; 337: 


Prelimina- 
ry rules to 


winds, and ſtorms. 2. In very hot weather, the falling of jute of the 


the mercury »20 thunder. 3. In winter, the rifing 


preſſages froſt; and in froſty weather, if the mercury falls 


three or four diviſions, there will certainly follow a thaw. 


But in a continued froſt, if the mercury riſes, it will cer- 


tainly ſnow, ' 4. When foul' weather happens ſoon. after 
the falling of the mercury, expect but little of it; and, on 
the contrary, expect but little fair weather when it proves 
fair ſhortly after the mercury has riſen. 5. In foul wea- 


ther, when the mercury riſes much and high, and ſo con- 
tinues for two or three days before the foul weather is 
quite over, then expect a continuance of fair weather to 


follow. 6. In fair weather, when the mercury falls much 
and low, and thus continues for two or three days before 
the rain comes; then expect a great deal of wet, and pro- 
bably high winds. 7. The unſettled motion of the mercury 


denotes uncertain and changeable weather. 8. Vou are not Note. 


ſo ſtrictly to obſerve the words engraved on the plates 


(though in general it will agree with them) as the mercurys 
riſing and falling. For if it ſtands at much rain, and then 


riſes up to changeable, it preſages fair weather ; though 


not to continue ſo long as if the mercury had riſen higher: 


and ſo, on the contrary, if the meſeury ſtood at fair, and * 
8 2 falls 
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the height of the mercury in the tube, that indicates the 


= 


the mercury is ſtationary, 
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ll 10 changeable, i prſages foul weather ; though na 
nnn. f 


e e e ehe eee Bech 


weather as the motion of it up and down: wherefore, in 


order to paſs a right judgment of what wealher is to be eu 


pected, we ought to know whether the mercury is a 
riſing or falling; nme rules are 


| I. If the ; is convex, ſlanding 
higherin the middle of the tube than at the ſides, it is ge- 


nerally a ſign that the mercury is then riſing. 2. If the 


furface is concave, it is then ſinking; and, 3, If-it is plain, 
of rather, if it is alittle convex; 


for mercury being put into a glaſs tube, eſpecially a {mall 
one, will naturally have its ſurface A little convex, becauſe 


the particles of mercury attract one another more forcibly 


than they are atuaRted by glaſs. 4. If the glaſs is ſmall 


| ſhake the tube; and if the air is grown heavier, the mer- 


cury will riſe about half the tenth of an inch higher than it 
ſtood before: if it is grown lighter it will ſink as much. 
This proceeds from the mercury's ſticking to the ſides of 
the tube, which prevents the free motion of it till it is af: 
engaged by the ſhock : and therefore, when an obſervation 
is to be made by ſuch a tube, it ought always to be ſhaken 


firſt; for ſometimes, the mercury will not vary of its own 


accord, fill the weather it ought to have indicated i is pre: 


| fans 


Here we muſt obſerve, AVIS: FE pheno- 
mena are peculiar to place you! a conſiderable diſtance 
from 
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dom the equator ; for in the torrid zone, the mercury itt the 


barometer, ſeldom either riſes or falls much. In Jamaica, - 


it is obſerved by Sir William Beeten, that the mercury in the 
morning, conſtantly ſtood at one degree below changeable, 
and at noon, ſunk to one degree above rain; ſo that the 
whole ſcale of variation there was only three tenths of an 
inch. At St. Helena, too, where Dr. Halley made his ob- 
ſervations, he found the mercury to remain moſtly ſtationary 
whatevet weather happened. Of theſe phenomena, their 


cauſes, and why the barometer indicates an approaching 


change of weather, the Doctor gives us the following 
xccount: | | 
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1. Wan e air is inclined to min, tes, m4. 
mercury is commonly low. 2. In ſerene, good, and ſettled r. 


great winds, though they be not accompanied with rain, 
the mercury ſinks loweſt of all, with relation to the point 
of the compaſs the wind blows upon. 4. The greateſt 
heights of the mercury are found upon eaſtetly or north- 
eaſterly winds. $. In calm froſty weather the mercury 
generally ſtands high. 6. After very great ſtorms of wind, 
when the mercury has been very low, it generally riſes 


again very faſt. 7. The more northerly places have greater 


alterations of the harometer than the more ſoutherly. 8. 
Wichin che tropics, and near them, thoſe accounts we have 
had from others, and the obſervations made at St. Helena, 
mercy jure eee fie ces 
day in all weathers, 


Hence, I conceive, „ 
and fall of the mercury is from the vntiadle winds which are 
found 


weather, the mercury is generally high. 3. W wary codons 
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found in the temperate zone, and whoſe you ny; 


here! in ih + is notorious, WE", 3 


-- . . 


A ſecond cauſe is, the CEN W 


tion of the vapours lodging in the air, whereby it comes to be 
at one time much more crowded than at another, and con- 
ſequently heavier; but this latter depends in a great meaſure 
upon the former. Now, from theſe principles, I ſhall en- 
deavour to explicate the ſeveral phenomena of the barome- 
ter, taking them in the ſame order I have laid them down, 
Thus. MY 307 , 


1. The mercury's being low inclines it to rain, becauſe 
the air being light, the vapours are no longer ſupported 
thereby, being become ſpecifically heavier than the medium: 
wherein they floated; ſo that they deſcend towards the earth, 
and, in their fall, meeting with other aqueous particles, 
they incorporate together, and form little drops ef rain: but 
the mercury's being at one time lower than another, is the 
effect of two contrary winds blowing from the place where 
the barometer ſtands; whereby the air. of that place is car- 
ried both ways from it 'and conſequently. the incumbent 
cylinder of air is, diminiſhed, and accordingly the mercury 
ſinks: as, for inſtance, if in the German ocean it: ſhould 
blow a gale of weſterly wind, and, at the ſame. time, an 

eaſterly wind in the Iriſh ſea; or, if in France it ſhould 
blow a northerly wind, and in Scotland a ſoutherly ; it mult 
be granted, that.that part of the atmoſphere impendant aver 


England would thereby be exhauſted andattenuated, and the 


mercury would ſubſide, and the vapours which before 
floated in theſe - parts of the air of 1 5 gravity with them- 
ſelves would ſink tothe. earth. | 


” * 


2. The 


75 
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2. The greater height ofthe harometer is occaſioned by 
_ contrary winds blowing towards the place of obſerva» 
tion, whereby the air of other places is brought-thither and 
accumulated; ſo that the incumbent cylinder of air being 
increaſed both in height and weight, the mercury preſſed 


thereby muſt needs: ſtand high, as long as the winds continue 


ſo to blow; and then the air being ſpecifically heavier, the 
vapours are better kept ſuſpended, ſo that they have no in- 
elinatton to precipitate, and fall down in drops, which is 
the reaſon of the ſetene good weather which attends. the 
nr 8 of the * 
is The ** ſinks the Joweſt of al — the very rapid 
mation. of the air in ſtorms. of winds. For the tract or 
region of the earth's ſurface, wherein the winds rage, not 
extending all round the globe; that ſtagnant air which is 
left behind, as likewiſe that on the ſides, cannot come in 
ſo faſt as to ſupply the evacuation made by ſo ſwift a cur- 
rent; ſo that the air muſt neceſſarily be attenuated, when 
and where the ſaid winds continue to blow; and that more 
or leſs according to their violence: add to Which that the 
horizontal motion of the air being ſo quick, may in all pro- 
bability: take off ſome part of che perpendicular preſſure 
thereof; and the great agitation of its particles is the reaſon 
why the vapours are diſſipated, and do not condenſe into 
drops ſo as to form rain, otherwiſe the natural conſequence 
of che air s racefaQion. 1 Js Abt 


| 4- The mereary lands higheſt upon the eaſterly and 
north-eaſterly wind; becauſe. in the great Atlantic ocean, 
on this. ſide che thirty-fifth degree of north latitude, the 
Vids are almoſt always weſterly or ſouth-weltezly ; ſa that 
vlenexer here the wind comes up at ealt and rah. call, it 
W 4 | ns „„ 
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is ſure to be checked by a contrary gale as foon as it reaches 
the ocean; wherefore, according to our ſecond remark, the 
air muſt needs be heaped over this iſland, and conſequently, 


the mercury mult ſtand high, as often as theſe winds blow, 


This holds true in this country: but is not a general rule 
ſor others, where the winds are under different circum- 


ſtances: and I have ſometimes ſeen the mercury here ſo low 
as twenty-nine inches upon an eaſterly wind; but then it 
blew exceeding hard, and ſo comes to be accounted for by 
what waz oblerved in the third remark, 


5. In calm froſty 3 the mercury 8 ſtands 
high; becauſe (as I conceive) it ſeldom freezes, but when 
the winds come out of the northern and north-eaſtern quar- 
ters: or at leaſt, unleſs thoſe winds blow at no great 
diſtance off, For the north parts of Germany, Denmark, 
Sweden, Norway and all that tract, from whence north- 
eaſtern winds come, are ſubjeR to almoſt continual froſt all 
the winter: and thereby- the lower air is very much con- 
denſed, and in that ſtate is brought hitherward by thoſe 


winds, and, being accumulated by the oppoſition of the 


weſterly wind blowing in the ocean, the mercury muſt 
needs be preſſed to a more than ordinary height; and as 2 


concurring cauſe, the ſhrinking of the lower parts of the air 


into lefſer room by cold, muſt needs cauſe a deſcent of the 


upper parts of the atmoſphere, to ue Ange made 


by this contraction to an equilibrium. 


6. After great ſtorms, when the mercury has been ven 
low, it generally riſes again very faſt: I once obſerved it to 
rjſe one inch and an half in lefs than ſix hours, after a long 


continued ftorm of fouth-weſt wind. The reaſon is, be- 


cauſe the abr being very much rarefted by the great evacus- 
8 tions 


r 
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tions which ſuch continued ſtorms make thereof, the 
neighbouring air runs in the more ſwifty to bring it to an 
equilibrium; as we ſee water runs r for Roving 8 
* declivity. [ST 14 | 


7. eee ee pense in We Une usb 
places, as at Stockholm greater than at Paris (compared by 
M. Paſchall) becauſe the more northerly parts have ufually 
preater ſtorms of wind than the more ſoutherly, whereby 
the mercury ſhould fink lower in that extreme ; and then 
the northerly winds bringing in the more denſe and ponde- 
rous air from the neighbourhood. of the pole, and that 
gain being checked by a ſoutherly wind at no great diſ- 
tance, and ſo heaped, muſt of neceſſity make EP 
won 1 r br 

3 Laſtly, Aae Ans Wihtk ord veriantin 
near the equinoctial, does, above all others, confirm the hy- 
potheſis of the variable winds being the cauſe of theſe va- 
riations of the height of the mercury; for in the places 
above:named, there is always dn eaſy gale of wind blowing 
nearly upon the fame point, viz. K. N. E. at Barbadoes, and 
E. S. E. at St. Helena, ſo that their being no contraty cur- 
rents of air to exhauſt or accumulate it, the atmoſphere 
continues much in the ſame ſtate: however, upon hutri- 
canes; the moſt violent of ſtorms, the mercury has been 
obſerved very low; but this is but once in two or three 
years, and it ſoon recovers. its ſettled ſtate,” about 291 
inches; 113 231i 5d 3 fu oder oils 47 ere Thor wareat 
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Fig. 7. 


Vith a file when you uſe it. 
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ne Tae. 


IN coder tot a e to the qreateſ per- 
fection, it will be neceſſary to obſerve the following rules. 
1. That the tube be at leaſt one fourth of an inch bore; 
but one third of an inch is better. 2. That the tube ought 
to be new, and clean within when filled. In order to this, 
the tube ſhould be hermetically ſeated at both ends, at the 
glaſs-houſe when made; one end of which may be cut off 
3. The diameter of the ciſtern 
that holds the mercury, in which the tube. is immerſed, 
ſhould be as large as conveniently may be, that the mercury 
therein may have nearly at all times the ſame altitude; 
otherways the. index will not be true. 4. The mercury 
mult be pure, and free from any mixture of tin, lead, or 
other metal. 5; It ought to be purged from air entirely, 
as it may be by boiling it, and filling the tubewith it, while 
boiling hot, nearly. 6. The tube muſt be heated hot when 


filled, to avoid breaking by the boiling mercury. 7. It 


ſhould be rubbed very hard, to excite the electric virtue, 
which will expel the partieles of air ftom the ſurface 


a * 
within. 
„ 
* 


Then take the tube, fig. 7. and nearly fill the ball with 
mercury, after which, place the thumb of your right hand 
upon the end A, and the fore- finger of your left upon the 
end B, holdigg ĩt downwards, and ſhaking it end ways, the 
n into the tube until it be quite filled; you 
may then turn it as in the figure, and the mercury will ſink 
in the tube to B, which will be 291 inches from the ſurface 
of the, mercury in the ball at A, if the preſſure of the at- 


moſplicis-8x-that time be at changeable, as at — 
N. B. 1 


er .. ͤͤ ⅛AZꝛf ¾˙q⅛qs̃ ⁰ A h ˙ er os 
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N. B. If any air bubbles ſhould happen to be left in the 


tube after it is filled, you muſt invert it, and place your 
thumb and fore-finger as before, and gently knock the end 
B with your finger underneath it, upon a table, while all 
the air bubbles have riſen into the ball, then it is perfect; 
mann W 
n I | 


"39 


ABC, fig. 8, is a tube ſealed at C, immerſed in mer- Fig. . 


cury at A; this tube is perpendicular from A to B, where 
the ſcale of variation begins ; from thence it is bent into 
CB. This part BC proceeds to the higheſt limit in the 
ſcale of variation, viz. IC; and conſequently. while the 
mercury riſes from C to I in the common barometer, it 
will move in this from B to C, and ſo the ſcale will by this 


een eee as. 


. this form being ſubject to a great Fig 
kacken, onaccount of the obliquity in the part B C, which 


inclination, making the quickſilver frequently divide into 
ſeveral parts, requires the tron of filing the * 
too often. 9 


The Horizontal Reftangular Barometer, 


CONSISTS of a tube A CDF, fig. 9, feated on the bis. 9. 
upper end A, and bent to a right angle at D, whence it has 
the name of the horizontal rectangular barometer. The 
mercury ſtands i in both legs from E to C, The ſcale of 

| | T 2 variation 
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variation from D to P, is here made of a larger part, and 
then it is evident in moving three inches from A to C, it 


will move through ſo many times three inches in the ſmall 
leg D F, as the bore of D F is leſs than the bore of A C, 
whence: the motion of the mercury at E muſt be extremely 
ſenſible. This form is liable to the like exceptions as re- 
marked in that of fig. 8, and beſides a great degree: of 
friction; and the frequent breaking off of the mercury in 
the leg E, the part D F being a very ſmall bore, the free 
motion of the mercury therein muſt be impeded by the at- 


of oo 
1 £ 
| q43 


| The * 0 
Nag zi 

A, hg. 10, repreſents a; coickfilver: 4 a glaſs tube 
having a large round head or ball, and turned up at nm. 
B, upon the ſurfice of the mercury in the recurved leg, 
there is then placed a ſhort glaſs tube loaded with mercury, 
with a ſtring going over a pulley, and is balanced by ano- 
ther weight hanging freely in the air. As the ſurface at A 
is very large, and that at B very ſmall, the motion of the 
quickſilver, and conſequently of the ball A, will at bottom 
be very conſiderable; but as the weight moves up and 
down, it turns the pulley, and that a hand or index, by 
the diviſions of a large graduated circle, the minuteſt va- 
riations of the air are plainly ſhewn, if the inſtrument be 
accurately made, and the friction of the ſeveral parts be in- 


| conlaſerable, 


For refining mercury, &c, fit for the above uſe, fee the 
Miſcellaneous Articles, 


The 
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Inn mar c. 
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THIS aer des is an ingenious contri- 


yance, which Wilk drive 2 bullet with great violence, by 
means of condehſed hir, forced into an iron ball, by a con- 
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denſor, (repreſented Fig. 11.) At the end a of this inſtru- Fig. 11. 


ment, is a male ſcrew, on which, the hollow ball b is 
ſcrewed in otder to be filled with condenſed air. In the! in- 
ſide of this ball is a" valve to hinder the air after it is in- 
jected from making its eſcape, until ĩt be forced open by a 
pin, againſt which the hammer of the lock ſtrikes ; (as at a 


Fig 12) which then lets out as much air as will drive a ball | 


with Re force to a great diſtance. 


wg £6» ©#s 


en the iron croſs h h to lia os de is fixedy 
then lift up the barrel c a by the handles i 1 until the 
piſton at e be brought between o and c; the barrel a 
c will then be filled with air through the hole o from o to a. 


Then thruſt down the barrel a c by the handles 11 until the 


piſton e join with the neck of the iron ball at a; 
the air being thus condenſed between o and a will force 
open the valve in the ball, and when the handles i i are 
lifted up again, the valve will cloſe and keep in the air: ſo 
by rapidly continuing the ſtrokes up and down, the ball will 
preſently be filled ; after which unſcrew the ball off the con- 
denſer, and ſcrew it upon another male ſcrew which is con- 
netted with the barrel and goes through the ſtock of the 
gun as repreſented at b Fig. 12. I have frequently injected 
12dwts. of air into a ball 34 inches diameter, with 
which I diſcharged 15 bullets with conſiderable force. 
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There are many contrivancs in conftrulting air guns; 
ſome have a ſmall barrel contained within a large one, and 
the ſpace between the two barrels ſerves for the reception of 
condenſed air. In theſe ſort a valve is fixed at a Fig. 12, 
with a condenſor fixed to the barrel at a and continued 
through the butt end to c, as a c Fig. 11, here the piſton 


rod may be always leſt i in; and when uſed an iron pin one 


foot long, may be put through the hole d. Place your feet 
on: the pin, and the whole gun ſerves inſtead of the handles 
i i Fig. 11. to condenſe the air in the barrel, 80 


The magazine air gun differs from the common one, 
only by having a ſerpentine barrel which contains 10 or 12 
balls; theſe are brought into the ſhooting barrel ſucceſſively, 
by means of a lever, and they may be diſcharged ſo ſaſt 
as to be nearly of the ſame uſe. with ſo many different 


* 
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HYDROSTATICS. 


DEFINITIONS 


Hepssulics is the ſcience of fluids, e 
of water, with a ſpecial attention to artificial water- 
works; and to the laws and motion of fluid bodies. 


HYDROSTATICS explain the equilibrium of fluids, 
or the gravitation of fluids at reſt ; and upon removing that 
equilibrium, motion enſues: and here Hydraulics com- 
mence. | 

Hydraulics therefore, ſuppoſes Hydroftatics, which in- 
duces me to begin this treatiſe with Hydroſtatics. 

2. A Syphon is a Ns as egen Plat IX. | 
Fig. 4. 


3. A vake is a ſort of flap or cover, fixed to a pipe or 
other body, which Ne oodles, 29g e | 
n 


2 4.4 


144 


Noto. 


AN INTRODUCTION TO 


I. A. Pifton is a ſmall cylinder faſtened to the end of 2 
rod, and fitted to the bore of a pipe or hollow cylinder, and 


frequently Contains z a) valve. 


F. The Hydremeter is an inſtrument conſtructed to find 
the ſpecific gravities of fluids, as Fig. 2. 


6. The Hydroſtatic balance is contrived td thew the ſpe- 
cific gravities of fluids, and of ſolids, by weighing them in 
fluids, 


oi we 


APHORISMS. _ 


1. WATER is a ſcentleſs, tranſparent, colourleſs fluid, 
with which acertain _ echt folks td 101 ice. 


„ 
property of water, yet many philoſophers, particularly 


Boyle and Botrhaave, conſider it as an adventitious circum- 
ſtance, produced by a certain degree of heat, and aſſen 
its natural ſtate to be that of a chryſtalline, as when in ice, 


2. Water is one of the conſiſtent parts of all bodies: 
this is proved by diſtillation,” for the dryeſt woods, earths, 
bones, and ſtones pulyeriſed, conſtantly yield a certain qual» 
tity of water. 


| 3. All Auids except air are incompreſſible. 


4. Though, water js leſs enen than air, it is more 
penetrative; 28 it will pervade bodies that air will not: this 


is evident from its paſſing through the pores of a bladder. 


5. Water 


e- 
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5. Water diffolves ſome bodies, as ſalts, and coghns- 5 


nates others, as bricks, ſtones, _—_— &c. 


6. Water i in its natural ſtate contains the three . * | 
ments, fire, earth, and air. Ry 


We have already ſaid that water owes its fluidity to heat, 
and it is evident from many experiments with the air pump, 
that it contains no ſmall quantity of air; and the ſediment 
that is found in all water, except that. which is diſtilled, al- 

ways contains a quantity of earth. From the laſt element it 
is ſuppoſed that plants derive all the nouriſhment e re- 


ceive by means of water. 


7. The water, in ſeveral tubes that communicate with 


each other, will ſtand at the ſame height in all of hem, 


whether they be ſmall or great, perpendicular or oblique. - 


8. Thefurface of water contained in a veſſel will always 
be even, and parallel to the horizon: but in large bodies of 
water, as the ſea, or great lakes, the ſurface will not be 


— 


plain, but ſpherical, as making a part of the terraqueous 


globe. 


9. In a veſſel of water the preſſure of the upper parts on 
the lower, is in proportion to the depth; and is the ſame at 
the ſame depth, whatever be the diameter of the veſſel. 


10. The preſſure of a fluid upward is equal to its preſſure 
downward, at any given depth, 


11. The bottom and ſides of a veſſel are preſſed by the 
fluid it contains, in proportion to its height, without any 
regard to the quantity. 


UP 12. If 


AN INTRODUCTION. TO 
12: Tf fluids of different gravities be contained in the 

fame veſſel, the heavieſt will be at bottom, the lighteſt at 

top, and the reſt in proportion to their ſpecific gravities. 


- 13. A body that is heavier than an equal quantity of a 
fluid, will ſink in that fluid; if it be lighter, it will ſwim at 
the top; but if it be of the ſame gravity, it will neither ſink 
nor ſwim; but remain ſuſpended in any part of that fluid. 


14. A ſolid immerſed in a fluid is preſſed by that fluid 


on all ſides, in proportion to the height of the fluid above 
the ſolid. Bodies very deeply r ey nans 
as equally preſſed on all ſides. - | 


15. Every ſolid immerſed in a fluid, loſes ſo much of its 
weight, as is equal to the weight of a quantity of that fluid 
of the ſame dimenſion with the ſolid. 


36. The fluid acquires the weight the ſolid loſes, 


Of Fludiy. 


Sir Iſaac Newton's definition of a fluid is, That it is a 
body yielding to any force impreſſed, and which has its parts very 
of ily moved one among another. | 


It muſt here be "ARE that this definition ſuppoſes 
the motion ſpoken of, produced by a partial preſſure; for in 
the caſe of an incompreſlible fluid, it is demonſtrated by Dr. 
Keil, that under a total or an equal preſſure, it would be im- 
poſlible the yielding ww ſhould move. 


The 
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The original and conſtituent- parts of fluids are by.the 
moderns conceived to be, particles ſmall, ſmooth; hard, and 


fpherical ; according to which opinion, every particle is of 


itſelf a ſolid, or a fixed body; and when conſidered ſingly, 
is no fluid, a Nee > ARID 


"Tis . that the particles. of fluids are apts" 
ſmall, becauſe their texture has never yet been diſcovered 
by the fineſt microſcope ; we judge them to be ſmooth, be- 
cauſe they are found eaſily to glide one aver another ; hard 
and impenetrable, becauſe no fluid we are, acquainted with» 
the air excepted, is capable of compreſſion: we conceive 
them to be ſpherical, that they may only touch in ſome 
points of their ſurfaces ; and ſo not only may be the more 
eaſily moved, but alſo form interſtices or vacancies berween 
them, which may be proved. 12 


Were fluids not compounded of primary particles, formed 
28 above, but made up of one homogeneous ſubſtance, with- 
out conſiſtence equally denſe ; there would be no diffe- 
rence in their ſpecific gravity, and all fluids would be of the 
ſame weight, bulk for bulk, which is contrary to experi- 
ence. 


That fluids have vacuities, will appear upon mixing ſalt 
with water, a certain quantity whereof will be diſſolved, and 
thereby imbibed, without enlarging the dimenſions. A 
fluid's becoming more buoyant, is a certain proof that its 
ſpecific gravity. is increaſed, and of conſequence, that many 
of its vacuities are thereby filled; after which it may ſtill 
receive a certain quantity of other diſſoluble bodies, the 
particles whereof are adapted to, the vacancies remaining, 
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without adding any thing to its bulk, though the abſolute 
weight of the whole fluid be thereby increaſed. This 
might be demonſtrated by weighing a phial of rain water, 
critically, with a nice balance: pour this water into a cup, 

and add (alt to it: refund of the clear liquor, what will 
again fill the phial ; an increaſe of. weight will be found un. 
der the ſame dimenſions, from a repletion, as has been 
ſaid, of the vacuities of the freſh water with ſaline par. 
ticles, 


And as fluids have vacuities, or are not perfectly denſe ; 
it is alſo probable, that they are compounded of ſmall 
ſpheres of different diameters, whoſe interſtices may be 
ſucceſſively filled-with apt materials for that purpoſe: and 
the ſmaller theſe interſtices are, the greater will the gravity 
of the fluid always be, | 


For inſtance: ſuppoſe a barrel be filled with bullets in 
the moſt compact manner, a great many ſmall ſhot may 
afterwards be placed in the interſlices of thoſe balls; the 
\ vacuities of the ſhot may then he repleniſhed with a certain 
1 quantity of ſea ſand; the interſtices of the ſand may again 
* be filled with water; and thus may the weight of the barrel 
„ | be greatly augmented, without increaſing the general quan- 
3 tity: now this being true with regard to ſolids, is applicable 
alſo to fluids. For inſtance, river-water will diffolvg a 
a certain quantity of ſalt ; after which it will receive a cer- 
tain quantity of ſugar, and after that a certain quantity of 
bl allum, and perhaps other diſſoluble bodies, and not increaſe 
its firſt dimenſions, 


Was all ſpace abſolutely full of matter, this matter myſt 


1h cither be fluid or fixed. Was it fixed, there could poſſibly 
| be 
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be no motion therein, as is plain both from reaſon and ex- 


perience; it muſt therefore be fluid. But a fluid without 
racuities will be denſer, and conſequently heavier, than all 
fluids ; and if denſer, all bodies will emerge, and ſwim 
therein, by hydroſtatical laws, nor could there be ſuch a 


thing as gravity. But as gravity cannot be denied, all ſpace 


therefore cannot be filled, wan with toll, „Hen 


Borelli has 1 that the conſtituent parts of 
fluids are not fluid, but conſiſtent bodies; and that the ele- 
ments of all bodies are perfectly firm and hard. The in- 


compreſſibility of water, proved by the Florentine experi- 


ment, is à ſuffcient evidence alſo, that each primary par. g 4 


ticle or ſpeckle thereof 1s a perfect and impenetrable ſolid. 


This famous experiment was firſt attempted by the ; ent 
Lord Verulam, who incloſed a quantity of water in lead, 
and found that it inclined rather to make its way through the 
pores of the metal, than be reduced to leſs compaſs by any 
force that could be applied, At Florence this experiment 
was afterwards made more accurately with a globe of ſil- 
ver: this being filled with water and well cloſed, was gently 


preſſed, upon which a ſmall quantity of water EP from 


the globe in form of dew, 


"3 


Sir Iſaac Newton and others have attempted i it ſince with | 


globes made of gold and other metals, and with equal ſuc- 
cels. Mr. Canton has obſerved in ſome experiments made 
by him, that the different ſtate of the air makes water to be 


compreſſed at ſome times more than at others: but though | 
naturally it may be thus affected, we cannot by any artificial 5 


method compreſs it, for as ſoon as the cold is . it will 
Feturn to its 1 bulk. 


The 


Plate IX. 
Fig. 1. 


mall * index fixed above it, 


over two pullies, one on each ſide of the piece at A, go 


is readily moved to any part of the ſquare braſs rod VX. 
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The Hydroſtatic Balance. 


THOUGH the hydrometer is the moſt convenient in- 
ſtrument for meaſuring the ſpecific weights of fluids, yet 
for a meaſure of the ſpecific gravity of all ſubſtances, we 
muſt have recourſe to the hydroſtatic balance : which is 
conſtructed in various forms; but we ſhall content our- 
ſelves here with deſcribing that which appears of all others 
the moſt accurate, 


'V CG (Plate IX. fig. 1.) is the ſtand or pillar of this 
hydroſtatic balance, which is to be fixed in a table, From 
the top A, hangs, by two filk ſtrings, the horizontal bar 


BB, from, which is ſuſpended by a ring i, the fine beam of 
a balance b: which 1s prevented from deſcending too low 
on either ſide by the gently ſpringing piece l x y 2, fixed on 
the ſupport M. The harneſs is annulated at o, to ſhow diſ- 
tintly the perpendicular poſition of the examen, by the 


The ſtrings by which the balance is ſuſpended, paſſing 


down to the bottom on the other ſide, and are hung over 
the hook at v; which hook, by means of a ſcrew P, is 
moveable, about one inch and one quarter, backward and 
forward, and therefore the balance may be raiſed or de- 
preſſed ſo much. But if a greater elevation or depreſſion 
be required, the ſliding piece 8, which carries the ſcrew P, 


and fixed by means of a ſcrew, 
The 
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The motion of the balance being thus adjuſted, the reſt 
of the apparatus is as follow. HH is a ſmall board, fixed 
upon the piece D, under the ſcales d and e, and is move- 
able up and down in à long lit in the pillar above C, and 
faſtened at any part by a ſcrew behind. From the point in 
the middle of the bottom of each ſcale hangs, by a fine 
hook, a braſs wire ad and a c; theſe paſs through two holes 
m m, in the table. To the wire ad is ſuſpended a curious 
cylindric wire r s, perforated at each end for that purpoſe : 
this wire r s is covered with paper, graduated by equal di- 
viſions, md is about five inches long. 


In the corner of the board at E, is fixed a braſs tube, on 
which a round wire hl is ſo adapted as to move neither too 
tight nor too free, by its flat head I. Upon the lower part 
of this moves another tube Q, which has ſufflcient ſriction 
to make it remain in any poſition required: to this is fixed 
an index T, moving horizontally when the wire h 1 is 
turned about, and therefore may be eaſily ſet to the gra- 
duated wire rs. Tegbe ger end of the wire r s hangs 2 
weight L, and to that a wire p n, with a ſmall brafs ball 
g about 4 of an inch diameter. On the other ſide, tot he 
vire a c, hangs a large glaſs bubble R, by a horſe hair. 

ä Fr 3 1 

Let us firſt ſuppoſe the weight L taken away, and the 
wire p n ſuſpended by 8; and on the other fide, let the 
bubble R be taken away, and the weight F ſuſpended at 
c, in its room, This weight F we ſuppoſe to be ſufficient 
to keep the ſeveral parts hanging to the other ſcale in equi- 
librium ; at the ſame time that the middle point of the 
wire p n is at the ſurface of the water in the veſſel N. The 


inch ſhall * four grains. 
Now 


wire p n is to be of ſuch a ſize, that the length of one 7 
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| Now it is evident, ſince braſs is eight times heavier than 
water, that for every inch the wire finks in the water it will 
become half a grain lighter, and half a grain heavier for 
every inch it riſes out of the water: conſequently by ſink- 
ing two inches below the middle point, or riſing two 
inches above it, the wire will become one grain lighter or 
heavier. Therefore, if when the middle point. is at the 
ſurface of the water in equilibrium, the index T be ſet to 
the middle point a, of the graduated wire s, and the dil- 
tance on each ſide a r and a s contains a hundred equal 


parts; then, if in weighing bodies the weight is required 


to the hundredth part of a grain, it may be eaſily had by 


| nn in the following manner. 


{ 


„ede to be weighed be placed in the ſeale d Put 
the weight X in the ſcale e, and let this be ſo determined 
that one grain more ſhall be too much, and one grain lels 


too little. Then the balance being moved gently up or 


down; by the ſcrew P, till the equilibrium be nicely ſhewn 
at o; if the index I be at the middle point a. of the wire rs, 
it ſhews that the weights put into the ſcale e, are juſt equal 
to the weight of the body. By this method we find the ab- 


ſolute weight of the body: the relative weight is found by 


weighing it rug in * as follows. 
* 

Inſtead of wanting the hodyi into the ſcale e, as dakurn le 
* with the weight F, at the hook c, by a horſe hair, 28 
R, ſuppoſing the veſſel O of water were away. The equi- 
librium being then made, the index T ſtanding between 3 
and r, at the thirty-ſixth diviſion, ſhews the weight of the 
body put in, to be 1095,36 grains. As it thus hangs let it 


5 be irhmecſed in che water of the vefld:O;/ and it will be- 


come much lighter : the ſcale e will deſcend till 1600 


r 


8. 
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of the balance reſt on the ſupport x. Then ſuppoſe 10 
grains put in the ſcale d, reſtore the equilibrium preciſely, 
ſo that the index T ſtand at the thirty-ſixth diviſion above 
a; it Is evident that the weight of an equal bulk of water 


would, in this caſe, be exaQly a hundred grains, 


Alter a like manner this balance may be applied to find 
the ſpecific gravities of fluids, as is eaſy to conceive from 
what has been ſaid. 


The Hydrometer, 


THIS is the moſt eligible of all inſtruments for finding 
the ſpecific gravity of AY as well tos mo as ex- 


: Ge aA 


The globe of che lydrometer fhonkd/ho is of copper, 
for ivory imbibes ſpirituous liquors, and thereby alters their 
gravity, and glaſs requires an attention that is incompatible 
with expedition, The moſt ſimple hydrometer conſiſts of 


wire being filed flat, is marked proof, at m, fig. 3, becauſe * 
it ſinks exactly to that mark in proof ſpirits. There are 
two other marks at A and B, fig. 2, to ſhew whether the 


quot be 1-tenth above, or below proof, according as the 
bydrometer ſinks to A, or emerges to B, when a braſs 


weight as C or K, is ſcrewed to its bottom c. There are 
other weights to ſcrew on, Which ſhew the ſpecific gra- 
vity of different fluids, quite dawn to common water. 


* The 


a copper ball B b, to which is ſoldered a btaſs wire A B, plate Ix. 
one quarter of an inch thick. The upper part of this Fig: 2, and 


Fig. 4. 
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The round part of the wire above the ball, may be mark- 
ed ſo as to repreſent river water when it ſinks to R W, fig, 


3» the weight which anſwers to that water being then 


ſcrewed on; and when put into ſpring water, mineral 
water, ſea water, and water of ſalt ſprings, it will gradually 
riſe to the marks SP, M I, S E, S A; on the contrary, 
when it is put into Briſtol water, rain water, port wine, 
and mountain wine, it will ſucceſſively ſink to the marks 
br, ra, po, mo. Inſtruments of this kind are ſome- 
times called areometers. 


There is another ſort of hydrometer that is calculated to 
aſcertain the ſpecific gravity of fluids to the greateſt preci- 
ſion poſſible, and which conſiſts of a large hollow ball B, 
fig. 4, with a ſmaller bolt b ſcrewed on to its bottom, partly 


filled with mercury, or ſmall ſhot, in order to render it but 


little ſpecifically lighter than water. The larger ball has 
alſo a ſhort neck at C, into which is ſcrewed the graduated 
braſs wire A C, which, by a ſmall weight at A, cauſes the 
body of the inſtrument to deſcend in the fluid with * 4 
the ſtem. 


| When this inſtrument is ſwimming in the liquor con- 
tained in the jar I L M K, the part of the fluid diſplaced 


dy it, will be equal in bulk to the part of the inſtrument 


under water, and equal in weight to the whole inſtrument, 
Now, ſuppoſe the weight of the whole to be four thon- 
ſand grains, it is evident we can by this means compare 
the different dimenſions of 4000 grains of ſeveral ſorts of 


"fluids. For if the weight at A be ſuch, as will canſe the ball 
to ſink in rain water, till its ſurface come to the middle 


point of the ſtem 20, and after that, if it be immerſed in 


common ſpring water, and the ſurface be obſerved to ſtand 
95 at 


b minus dla 355% 
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at one tenth of an inch below the middle point 20, it is 
apparent that the ſame weight of each water differs only in 


ſtem, 

) - 
Now, ſuppoſe the ſtem to be ten inches long and weigh 
100 grains, then every tenth of an inch will weigh one 
grain; and as the ſtem is of braſs, which is about eight 
times heavier than water, the ſame bulk of water will be 
equal to 1-8th of a grain, and conſequently to the 1-8th of 
1-4 thouſandth part, that is, 1-32 thouſandth part of the 
whole bulk. This inſtrunient is capable of ſtill greater 
preciſion, by making the ſtem or neck conſiſt of a flat thin 


flip of braſs, inſtead of one that is cylindrical : for by this 


means we increaſe the ſurface, which. is the moſt requiſite 
circumſtance» and diminiſh the ſolidity, which neceſlarily 
A EEG INE 2 034 WP 

es ar Bag 
To pt this inflruntens to all purpoſes; 0 ſhould be 
two ſtems to ſcrew on and off, in a ſmall hole at a. One 
ſtem ſhould be a ſmooth thin prof braſs,” or rather ſtecl, 
like a watch ſpring ſet ſtraight, ſimilar to that we have juſt 
mentioned, on one ſide” of which is to be the ſeverat marks 


or diviſions to which it will ſink in different ſorts of water 


as rain, river, ſpring, ſea, and ſalt ſpring. waters, &c. and 
on the other ſide you may mark the diviſions to which ĩt 


ſinks in various lighter fluids, as hot Bath water, Briſtol watef,. 


Lincomb water, Cheltenham water, port Wine, mountain, 


madeira, and other ſorts of wines: But here the weight" fit 


A on the top, muſt be a wenn eee when It 


X 2 But 


bulk, by the magnitude of one tenth of an inch in the 
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But in trying the ſtrength of the ſpirituous liquors 8 
common cylindric ſtem will do beſt, becauſe of its ſtrength 
and ſteadineſs: and this ought to be ſo centrived, that when 
immerſed in what is called proof ſpirit, the ſurface of the 
ſpirit may he upon the middle point 20 3 which is eaſily 
done by duly adjuſting the ſmall weight A, on the top, and 

making the ſtem of ſuch a length, that when immerſed in 
water, it may juſt cover the ball and rife to a; but when 
immerſed in pure ſpitit, it may riſe to the top A. Then 
by dividing the upper and lower parts A 20, and a 20, into 
ten equal parts each, when the inſtrument is immerſed in 

any ſort of ſpirituous liquor, it will immediately ſhew how 
much it is above or below proof. 


D 


Proof ſpirit confiſts of half water, and half pure ſpirit 
that is ſuch as when poured on gunpowdex, and ſet on fire, 
will burn all away; and permits the powder to take fire 
and flaſh, as in open air. But if the ſpirit be not ſo highly 
rectified, there will remain ſome water, which will make 
the powder wet, and unfit to take fire, Proof ſpirit of any 
kind weighs ſeyen pounds twelve qunges per gallon, == 


The cantmon method of ſhaking the ſpirits in a phial 

and raiſing a head of bubbles, to judge by their manner of 

+ riſing or breaking, whether the ſpirit be proof or near it, is 

very fallacious. There is no way ſo certain, and at the ſame 

time ſo eaſy and expeditious, as this by the hydrometer: 

Which will infallibly demonſtrate the difference of bulks, 

and canſequently the ſpecific gravities in equal weights of 

ſpirits, to the thirty, forty, or fifty thouſandth part of the 

| whole, which is a degree of accuracy no one ean with to 
; exceed. p 
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My friend Mr. Dicas of Liverpool has obtained his Va- 
jeſty s letters patent for the compleateſt hydrotneter I have 


mT 


On the p 


Ir a ſinall ſyphon, whoſe 8 wh jength, be 
filled with water, and turned downward, the fluid will not 
mn off, but remain fuſpended therein, fo long as it is held 
exactly leyeF: but chen an inclination to either leg is 
given; whereby one in effect is made ſhorter than the 
other, the water will ſhoot out by the longer leg. 


Thi air is a fluid whoſe denfity near the firfice of the 
eirth · is experimentally found to be to that of water, at 2 
mediutn, as x to 850; ſo that 850 gallons 6f air, near the 
earth weigh as much as one gallon of water, Now, ac- 
cording to the nature of all other fluid bodies, the air preſ- 
ſes the ſurface of all things expoſed to it every Way equally, 


When therefore the legs of the ſyphoh, equal in length, 
xe turned down, the weight of the atmoſphere above being 


kept off by the machine, the under air, bearing againſt and 
repreſſing the water, endeavouring to fall out of either of 
hem, with equal force, keeps it in ſuſpence, and prevents 
is motion. But when by inclining it to either fide, we in 
effe& ſhorten one of its legs, and prolong the other, an ad- 


vantage is given to the weightier fluid to preponderate r 


over-weigh ; the water then begins to deſcend, and 17 its 
continuity brings away the whole, 


And to obſerve how Imall an inclination will ſerve this 


purpoſe, one need only take a couple of jars full of water, 
| and 


Fig. 5. 
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and hang a fmall ſyphon, whoſe legs are of equal length, 
upon the edge of one ; the external leg whereof will, from 
the ſloping of the jar, naturally incline a little, and the ſy- 
phon will ſoon begin to act, by the attraction of coheſion 
before- mentioned; then taking it on the edge of the other 
jar, the like will immediately happen: and thus recipro- 


cally may the effect be produced, as often and as ſuddenly 


nom pay. | 9040 Eni 1 


And hence the reaſon why i in u praQtice the — of the 


ſyphon are uſually made of unequal lengths ; and why the 
ſhorter leg is put into the liquor, and the fluid decanted by 
the other, will in part appear. 2 


It is evident from what has deen ſaid, that the two legs 

of the ſyphon being of equal length in the plane A B, arc 
there equally repreſſed by the atmoſphere ; and was the 
crane filled with liquor only to that height, and held level, 
no motion of the fluid would follow, till an advantage by 
inclining it ſhould be given as before ſaid. Inſtead of which 
inclination a length of pipe, of ſome inches perhaps, as 
from B to'C in the figure, i is. commonly added to theſe 
machines, which, previous to the operation, is ordinarily 
filled as well as the- reſt with a groſs fluid, many degrees 
heavier than a likg quantity of air, wherewith it js then 
compared; by the gravity whereof the oppoſite ſide be- 
comes greatly over- balanced; and therefore liquors are by 
this machine uſually decanted with a good deal of rapidity, 


of 
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© Of the Syphon diſguiſed. 


A Syphon may be diſguiſed in a cup, from which no 
liquor will flow till the fluid is raiſed therein to a certain 
height ; but when the efflux is once begun, it will continue 


159 


till the veſſel is emptied. For inſtance : Fig. 6 is a cup, in Fig. 6. 


the center whereof is fixed a glaſs pipe A, continued through, 


the bottom at B, over which is put another glaſs tube, 
made air tight at top by means of the cork at C, but left ſo 
open at foot, by holes made at D, that the water may 
freely riſe between the tubes as the cup is filled. Till the 
fluid in the cup ſhall have gained the top of the inmoſt pipe 
at A, no motion will appear: the air however from between 
the two pipes, being in the mean time extruded, by the 
riſe of the denſer fluid, and paſſing down the inner tube, 
will get away at bottom, and the water, as ſoon as the top 
of the incloſed tube ſhall be covered thereby, will very 
ſoon follow, and continue to riſe in this machine, as in the 
ſyphon, till the whole is run off. | 
| ? 
This is called by ſome a Tantalus cup, and to humour the 
thought, a hollow figure is ſometimes put over the inner 
tube, of ſuch length, that when the fluid is got nearly up 
to the lips of the man, the ſyphon may begin to act and 
empty the cup. 


This is in effect no other than if the two legs of the ſy- 


phon were both either in the veſſel, as in Fig. 7, into which rig. 7. 


the water poured will riſe in the ſhorter leg of the machine, 
by its natural preſſure upwards, to its own level; and when 
it ſhall have gained the bend of the ſyphon, it will come 
away by the longer leg, as already deſcribed. - 72 

| The 
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The Hydreftatical Bandit 


T HE hydroſtatical paradox, as by ſome it is called, de. 
pends on the equal preſſure of the parts of fluids every where 
at the ſame depth. It is chis: any quantity of fluid, how- 
| ever ſmall, may be made to counterpoiſe and ſuſtain any 
weight, how large ſoever. 


Let A BD G repreſent a cylindrical veſſel, to the inſide 
of which is fitted the cover C, which, by means of leather a 
at the edge, will eaſily ſlide up and down in the internal t 
cavity, without permitting any water to paſs between its 
edges and the ſurface of the cylinder. In the cover is in- 
ſerted the ſmall tube C F, which is open at top, and com- 
municates with the inſide of the cylinder beneath the cover 
at C. The cylinder is filled with water and the cover put 
on. Then, if the cover be loaded with the weight, ſup- 
Poſe of a pound, it will be depreſſed, the water will riſe in 
the tube to E, and the weight will be ſuſtained, If ano- WY | 
ther pound be added, the water will riſe to F, and the Bi bel 
weight will be ſuſtained, and ſo forth, according to the Bi fee 
weight added, and the length of the tube, Now the weight Wi be 
of the water in the tube is but a few grains, yet its lateral I Ion 
preſſure ſerves to ſuſtain as much as the weight of a column 


wei 

of water, whoſe baſe is equal to that of the cylinder, and bas 
height equal to that in the tube. Thus, the column EC nn 
produces a preſſure in the water contained in the cylinder, I he 
equal to what would have been produced by the column f „e 
Aad D; and as this preſſure is exerted every way equally: Bf bene 
the cover will be preſſed upwards with a force equal to the and 
weight of Aad D; conſequently if A ad D would weigh more 


a pound, E C will ſuſtain a pound. . 
e1gnts 
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heights and weights. And by diminiſhing the diameter of 
the tube, any quantity of watet, how ſmall ſoever, will, in 
theory ſuſtain any weight _— large. 

The fame may be ſhewn fimpler, thus, let A G B D 
repreſent a hollow cylinder of wood, which neatly fills the weeks 
cavity. In the cylinder, ſuppoſe a little water, whoſe ſur- 
ſace is g b; then, if the wooden cylinder be put into the 
hollow one, the water will riſe between the ſurſaces to a and 
d, and the wood will be ſuſtained floating. The nearer 
the wooden cylinder approaches to the ſize of the cavity, 
the leſs water is neceſſary for the experiment. 


The Hydroſtatic Bellows, 


IS ak the beſt machine in the world for demonſtra- 
ting the upward preſſure of fluids. It conſiſts of two thick 
oval boards, each about 16 inches broad, and 18 inches Fig. 10. | 
long, covered with leather, to open and ſhut like a common 
bellows, but without valves; only a pipe about three 

the Wi feet high, is fixed into the bellows. Let ſome water 
ight Wi be poured into the pipe, ,which will run into the bel- 
eral BY lows, and ſeperate the boards a little. Then lay three 
weights, each weighing 100 pounds, upon the upper 
board, and pour more water into the pipe, which will 
run into the bellows, and raiſe up the board with all 
the weights upon it, and if the pipe be kept full, until the 
weights are raiſed as high as the leather which covers the 
bellows will allow them, the water will remain in the pipe, 
and ſupport all the weights, even though it ſhould weigh no 
more than a quarter of a pound, and they 300 pounds: nor 
1 * will 
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How a man Hence, if a man ſtands upon the upper board, and blows 


may raiſe 
himſelf up- 
wards 4. 
his brea 


j 
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will all their force. be able to cauſe them to deſcend and 
force the water out at the top of the pipe. 


The reaſon of this will be made evident, by conſidering y 
what has been already ſaid of the reſult of the preſſure of . 
fluids of equal heights, without any regard to the quantities, 4 
For, if the hole be made in the upper board, and a tube be 
put into it, the water will riſe in the tube to the fame height 
that it does in the pipe; and would riſe as high (by ſupply- 
ing the pipe) in as many tubes as the board could contain 
holes. Now, fuppoſe only one hole to be made in any part 
of the board, of an equal diameter with the bore of the pipe 
and that the pipe holds juſt one quarter of a pound of 
water; if a perſon claps his finger upon the hole, and the 
pipe be filled with water, he will find his finger preſſed up- 
ward with a force equal to a quarter of a pound; and as 
the ſame preſſure is equal upon all equal parts of the board, 
each part whoſe area is equal to the area of the hole, will 
be preſſed upward with a force equal to that of a quarter of 
a pound; the ſum of all which preſſures againſt the under 
ſide of an oval board 16 inches broad, and 18 inches long 
will amount to 300 pounds ; and therefore, ſo much weigh! 
will be raiſed up and ſupported r of 
water in the Pipe, 


into the bellows through the pipe B, he will raiſe himſelf 
upward upon the board: and the ſmaller the bore of the pipe 
is, the eaſier he will be able to raiſe himſelf, And ther 
by clapping his finger on the top of the pipe, he can ſupport 
himſelf as long as he pleaſes; provided the bellows be ait 
tight, ſo as not to loſe what is blown into it. 


Upon 
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Upon this principle of the upward preſſure of fluids, a Hou 
piece of lead may be made to ſwim in water, by immerſing te 


it to a proper depth, and keeping the water from getting „ter. 
above it. Let C D be a glaſs tube open throughout, and ,;, ,,. 


EF G a flat piece of lead, exactly fitted to the lower end 
of the tube, not to go within it, but for it to ſtand upon; 
with a wet leather between the lead and the tube to make 
doſe work. Let this leaden bottom be half an inch thick, 
and held cloſe to the tube, by pulling the packthread I H I. 
upward at L with one hand, whilſt the tube is held in the 
other by the upper end C. In this ſituation, let the tube 
de immerſed in water, in the glaſs veſſel A B, to the depth 
of ſix inches below the ſurface of the water at K; and then 
the leaden bottom E F G will be plunged to the depth of 
ſomewhat more than eleven times its own thickneſs ; hold- 
ing the tube at that depth, you may let go the thread at L; 
and the lead will not fall from the tube, but will be kept to 
it by the upward preſſure of the water below it, occaſioned | 
dy the ANN of the water at K above the level of the lead. 
For, as lead is 11,33 times as heavy as its bulk of water, 
and is in this experiment immerſed to a depth ſomewhat 
more than 11,33 times its thickneſs, and no water getting 
into the tube between it and the lead, the colnmn of water 
Ea bc Gbelow the lead, is prefſed upward againſt by the 
vater K DEG Lall around the tube; which water being ö 

2 kttle more than 11, 33 times as high as the lead is thick, 
is ſufficient to balance and ſupport the leg at the depth K E. 
Ifa little water be poured into the tube upon the lead, it 
vil increafe the weight upon the column of water under the 
lead, and cauſe the lead to fall from the tube to the bottom 
of the glaſs veſſel, where it will lie in the ſituation b d, 
Or if the tube be raiſed a little in the water, the lead will 
lll by its own weight, which will then be too great for 


Y 2 the 


- AN INTRODUCTION TO 


the : preſſure of the water around the whe, ks the column 
of water | „„ 


| 

ö 

How nebt. Let two pieces of Doo 2 planed am flat, ſo as no | 
wood may 

be made to Water may get between them when they are put together: | 

ger let one © of the pieces as b d, be cemented to the bottom of j 

_ the reflel A B, and, the other piece be laid flat and cloſe f 

| upon it, and. held down to it by a ſtick, wWhilſt water is 

poured into a veſſel; then remove the ſtick, and the upper 

piece of. wood will not tile from the lower one; for as the } 

upper one is preſſed down, both by its cn weight and the 

weight of all. the water oyer it, whilſt the contrary preſſure f 

of the water is kept off by the wood under it, it will lie as p 

fill as a ſtone would do in its place. But if it be raiſed c 

ever ſo little at any edge, ſome water will then get under I 

Is 


it, which being acted upon by the water above, will im- 


mediately paſs it upward; and as it, is lighter than its I 
bulk of water, it will n and float upon the ſurface of ] 
the water. 2 5 | t 

8 1 
All fluids weigh juſt as much i in | their own 3 w 
they.c doin open air, To prove this by experiment, let as at 


much ſhat be put into a phial, as, when corked will make 

| it ſink in water: and being thus charged, let it be weighed 

| firſt in air, and then i in water, and the weights in both caſes 

q wrote down. Then as the phial hangs ſuſpended in water, 
and counterpoiſed, pull out the cork, that water may run 
into it, and it will deſcend and pull out that end of the beam. 
This done, put as much weight into the oppaſite ſcale as 
will reſtore, the equipoiſe, which weight will be found td 
anſwer exactly to the additional weight of the phial when 
A din eee in ai, e * n 0 
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The velocity with which Water ſpouts out at a hole in The br 
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velo- 


te ide ar bottom of a veſſel, is as the ſquareroot of the ſpouting 


depth or diſtance: of the hole below the furface' of the wa- 
ter. For in order to make double the quantity of a fluid. 


run through one hole, as through another of the ſame ſie, 


it will require four times the preſſure of the other, and there 
fore mult be four times the depth of the other below the ſur- 
face. of the water; and for the fame reaſon three times the 
quantity running in an equal time through the ſame ſort of 


hole, muſt run with three times the velocity; and conſe- 


quently muſt be nine times as deep below the ſurface of the 


fluid, and ſo on. To prove this by an experiment, let two 


pipes, as C and g. of equa ſized bores, be fixed into the fide Fis 13. 


of the veſſel AB; the pipe g being four times as deep be. 


low the ſurface of the water at bin the veſſel as the pipe C 
is; and whilſt theſe pipes run. let water be conſtantly poured 
nto the veſſel, to keep the ſurface ſtill at the ſame height, 
Then, it a cup that holds a pint be placed ſo as to receive 
the water that ſpouts from the pipe C, and at the ſame mo- 
ment a cup that holds a quart be ſo placed as to receive the 
water that ſpouts from the pipe g, both cups will Wr 
at the ſame time by their e pipes. 


The horizontal diſtance to which fluid will peut from: parks wad 
horizontal pipe, in any part of the ſide of an upright veſſel gase dil- 


tance to 


below the ſurface of the fluid, is equal to twice the length which wa- 


ter will 


of a perpendicular to the ſide of the veſſel, drawn from ſpout from 
the mouth of the pipe to a ſemi-circle deſcribed upon the f r 


altitude of the fluid; and therefore, the fluid will ſpout to 
the greateſt diſtance poſſible from a pipe, whoſe mouth is at 
the center of the ſemi-circle ; becauſe a perpendicular td its 


diameter (ſuppoſed parallel to the fide of the veſſel) drawn 


from that point is the longeſt that can poſlibly be drawn 
from 
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from any part of the diameter to the circumference of the 


ſemi-circle. © Thus, if the veſſel A B be full of water, the 
horizontal pipe D bein the middle of its ſide, and the ſemi- 
circle N d c b be deſcribed upon D as a center, with the 
radius or ſemi-diameter D g N or D f b, the perpendicular 
Dd to the diameter N D b, is the longeſt that can be drawn 
from any part of the diameter to the circumference Nd eb. 
And if the veſſel be kept full, the jet G will ſpout from the 
pipe D, to the horizontal diſtance N M, which is double the 
length of the perpendicular Dd. If two other pipes as 
Cand E, be fixed into the fide of the veſſel at equal diſ- 
tances above and below the pipe D, the perpendicular C c, 


and E c, from theſe pipes to the ſemi-circle will be equal; 


and the jets F and H ſpouting from them will each go to 
the horizontal diſtance N K; which is double the length 


of either of the equal perpendiculars C c or EH, 


| Of Suftiom by Machines, 


THE quantity of the air's preſfure may be demonſtrated 
either by experience on the pump itſelf, or by its equipoiſ- 
ing, and at a medium ſuſtaining 291 inches of mercury, 
a fluid near fourteen times heavier than water, in the baro- 
meter. And that whereby we know that the air's preſſure 
on the ſurface-of the fluid cauſes the water to viſe in the 
pump, and become certain that it proceeds from no proper- 
ty, power or efficacy in ſuction, is, that in the air, water, 
and even a fluid ſo denſe as mercury, may be raiſed by pro- 
per machines; but if the air's preſſure be removed, it can- 
not be raiſed at all; as may be ſhewn by an exhauſting 
ſyringe, commonly termed a ſucking ſyringe, to diſtinguiſh 
it nn forcing or OY one, or by a common pump. 

Let 
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Let this be fixed to a tranſparent tube, and the lower. end Experiment. 


thereof put into a jar of mercury, incloſed within a tall re- 
ceiver ; before the air is-exhauſted, if the piſton be raiſed 

the mercury will immediately follow; after it is exhauſted - 
no ſuch effe will appear. 7 


This being determined and certain, all we are to under- 
ſtand by ſuction is, that whenever by any mechanical con- 
contrivance, the preſſure of the air is in any place abated, the 
adjacent matter, urged on by the weight of the atmoſphere, 
will tend thither ; and if that matter be fluid, it will riſe ſo 
far above its common level, till by its abſolute weight, a juſt 
equality is made, to preſerve the equilibrium which ought 
every where to exiſt by the eſtabliſhed laws of nature. 


Before Galileo's time, philoſophers fancied this riſe of 
water and other fluids, to be the reſult of nature's abborring 
a vacuum. Not to cavil with the term abhor, which can 
only properly be applied to animal affection; but to take it 
as it was probably intended, in a metaphorical ſenſe; we 
may reaſonably enquire, how nature came to abhor a vacuum 
in the caſe before us, to the height of between 30 and 40 
feet from the ſurface of the earth, and no farther? Had ſhe 
abſolutely abhorred a vacuum, this abhorrence would have 
deen indefinite; and water, upon this principle, might have 
deen raiſed 3000 as well as 30 feet high. But this is other- 
wiſe in fact; and by experience we find that nature has no 
antipathy to a vacuum ; but that in general, one heavy body 
only riſes, when another ſuperior in weight deſcends. 

The riſe of water in the ſucking pump, by the general 
preſſure of the atmoſphere incumbent on the ſurface of the 
water in the well, a preſſure not to be excluded from the 
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bowels of a body ſo porous as the earth, being thus ſettled, 
the parts of this Hachine, with the manner in which they 
aQ, will next come under conſideration. 


On the Pump. 


— IT DEST em ————— 
r 2 — 


IIS uſeful piece of mechaniſin was firſt invented by 
Cteſebes, a mathematician of Alexandria, about 1 20 years 
before Chriſt. When the air's preſſure came afterwards to 
be known, it was much improved, n now ' brought to a 


great degree of gend e 
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Of this machine” there are _ three Kinds, viz. the 
the ſucking, the forcing, and the lifting pump. By the 
two laſt water may be raiſed to any height, with an adequate 
apparatus and ſufficient power : by the former it may by the 
general prefſure of the atmoſphere on the ſurface of the well- 

2 be raiſed no more than 33 feet, as was before hinted, 
though in practice it is ſeldom applied to the raiſing it much 
above 28; becauſe from the variations obſerved on the ba- 
rometer, it is apprehended thrt the air may on certain oc- 
caſions be ſomething lighter than 33 feet of water; and 
whenever that ſhall happen, for want of the counterpoiſe, 

this pump may fail in its performance. : 


On the ſucking Pump. 


Plate X. THE common * moſt uſual pump, conſiſts of a pipe 
Fig- 3» open at both ends, in which there is a ſliding piſton as large 
as the bore, which by means of the hand, or ſome other 
n may” be moved up and down without ſuffering 

any 
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any \ air to come between TR * 
nee e | | 


If the lower end of this pipe and piſton be put into 
water, and the piſton, by lifting away the column of upper 
air, a vacuum will be made in the pipe, upon which the 
atmoſphere preſſing upon the well water, will force it to 
follow the piſton, even to the height of 33 feet, if the 
ſtroke could: be of that continued length; and if there be a 
valve or .clack; ſomething like a trap door, to ſhut down- - 
ward; as Fig. 2. placed in ſome convenient part of the pig. a. 
pipe, below the water ſo raiſed, as at C, Fig. 1, it will Pg. 1. 
de retained, therein ; but if this contrivance is wanting, 
along with it towards the ſpring; ſo that by the motion 
of the piſton up and down, the water indeed might riſe 
and fink in the bartel at every ſtroke; but without an 
under valve to confine and keep it there, none can be 
drawn for ſervice in the common L 6 


1 # 
17 + * 8 N 
4.40 3 | : 


| The frame A of bee valyes: iy uſually inade of whod, Fig. 2. 
exactly fitted to the bore of the pipe» and not over thick, 
that it may not ſtop too much of the water way, to this the 
hinge of the leather flap B, which is uſually lined with 
lead, not only; to mak it fall readily, but to give it ſtrength 
ſufficient to beat the weight of the water raiſed, without 
parping, W 

1 
ne e theres, an b ds eie « 


one fot; conveniency, placed in the piſton as at D, Fig. 1. 
alſo | Opening upwands, or the way the water is to riſe. 
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When the bucket of this machine deſcends; if the bore 
of the pipe be already full of water, the reſiſtance thereof 
will puſh open the moving valve, and part of the water will 
get above, and when the piſton is drawn upwards, this 
valve will cloſe under the incumbent weight, and the water 
will be raiſed by the force applied: ſo that, whenever the 


moveable valve by being raiſed, is made to liſt the weight of 


the column, as well of air as of water lying thereon, the fixed 
valve is diſcharged of all preſſure; and then a quantity vf water, 
preciſely equal to that lifted and drawn off by the bucket, 
will by the ordinary preſſure of the atmoſphere, as was ſaid, 
on the water in the well, be forced or rather weighed up 
through it, to repleniſh the pipe or barrel. This alternate 
action of the two valves is viſible 3 the _ pumps, 
and is worthy of * 


But if the bore of this machine be full of air only, beſore 
water can be drawn, that air muſt be exhauſted, which may 
be done if the piſton valve be tight, by the ordinary motion 


thereof: but for the greater certainty and expedition, wa- 


ter is commonly poured: thereon down the pipe, vulgarly 
called fetching the water; which is of no other uſe than to 
wet the valves, and ſupple the collar of leathers fixed to the 
piſton, and ſpread it that it may lie cloſe to the ſides of the 
barrel, and ſuffer neither the upper air or water to eos by 
it, when it is moved 129 7259 down. 


The firſt ſtroke of the pump, if aten long, wil 
make a vacuum in the pipe; if otherwiſe an approach is 


only made towards it, and but a part of the contained air 


lifted away; upon which the air remaining in the cavity of 
the bore, from its natural ſpring will be conſiderably dilated. 


To reſtore the natural denſity whereof, the atmoſphere then 
| 25 5 | preſſing 
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preſſing harder on the well water, than the dilated air does 
on that in the pipe, will cauſe the water to riſe therein ſo 
far, as that, together with the included air (yet a little rare- 
fied by the depending weight of water) it ſhall juſt coun- 
terpoiſe the weight of the outward air. The very ſame 
thing will happen again on a repetition of the ſtroke, till by 
degrees the water ſhall have reached the moving valve; and 
then the proceſs will go on ſteadily as before deſcribed. 
And water, by means of this contrivance, may be raiſed 
to any height whatever, if the power applied be ſufficient 
to lift the weight, and the pipes ſtrong enough to bear the 
fluid's natural preſſure, 


The preſſure on the pipes in pump work is in proportion 
to the ſtanding height of the fluid above the part conſidered : 
but the weight incumbent on the bucket, or moving valve 
of a pump, in action, is nearly proportionable to that of a 
column of water raiſed, For though the puſh of the at- 
moſphere on the ſurface of the | pring, when the bucket 
riſes be really equal to the weight of 33 feet of water; 
jet is this aſſiſtance counterbalanced exactly by the weight 
of the atmoſphere, ever incumbent an the ſurface of the 
water thereby raiſed : ſo that all the advantage to be ob- 
tained by, or expected from hydraulic machines, or engines 
toraiſe water, as well indeed as from all other pieces of me- 
chaniſm whatever, is only the putting matters into a con- 
venient method of being executed, and the performance 
depends on the moving power entirely, under the diſad- 
vantage of friction always againſt it, 
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were fixed 33 feet above the ſurface of the water. 


happen, the outward air getting through, would hinder 


operation. This can only effectually be prevented by 


ing power, when the ſtroke is fetched. 
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Of the Diſpoſition of Punig Wark. © 


A Pump therefore intended to raiſe water to any height 
whatever, will always work as eaſy, and require no greater 
power to give motion to the bucket, if both the valves 
be placed towards the bottom of the pipe, than if they 


The playing of the piſton thus low in the pipe, will 
beſides prevent an inconvenience which might happen, 
was it placed above, viz. in caſe of a leak beneath the 


bucket, which, in a great length of pipe, may very eaſily 


the neceſſary rarefaction of the air in the barrel, on moving 
the piſton ; and conſequently the pump might fail in it 


placing the pump work in or near the water. In which 
caſe, ſhould any leak happen upward, it will only occa- 
ſion the loſs of ſome of the water, without any other 
inconvenience. And the leather valves being thus kept 
under water, will always be found ſupple, pliant, and in 
2 fit condition to perform their office. | 


It may indeed be here objected, that the ſpecific weight 
of the iron rod, to which the hucket is fixed, will be an 
incumbrance to the working of the pump; but if it be made 
of oak, when well ſoaked, it will be nearly of the ſame 
ſpecific weight with water, and ſo no burden on the mov- 


pen 
Placing the pump-work; that is the valve and piſton, 5 
pretty low and near together, will alſo prevent the incon- 
| 1 
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vemience of our not being able in all caſes to fetch up wa- 

ter from the ſpring, by the ordinary pump, when of an 

equal bore, by reaſon of the ſhortneſs of the ſtroke, which 

therefore cannot rarefy the air ſufficiently to bring the wa- : 

ter up to the piſton from the lower valve. .For inſtance: | 

take a ſmooth barrelled pump, 21 feet long, having its 

piſton fetching ſuppoſe a foot ſtroke, placed above, and-the 

clack or fixed valve at the other end below. By the playing 

of the piſton, admit it poſſible for water to riſe 11 feet, or 

if you will, let water be poured on the clack, to the height 

of 11 feet; and refit the piſton. There will remain till 

9 feet of air between it and the water, which cannot be 

ſufficiently rarefied by a foot ſtroke, to open the clack, 

or fetch up more water: for in this caſe the air can only be 

rarefied in the proportion of 9 to 10; whereas, to make a 

bare equilibrium with the atmoſphere, it ought to be as 9 to 

134: ſince, as 22 or the complement of 11, to 33 feet of 

water, the weight of the whole atmoſphere, is to 33 feet 

or the atmoſphere ; ſo is the interval ſpoken of, 9 to 131; 

to compleat which the ſtroke ought to be at leaſt 4 feet 
However, by filling the whole void between the piſton 

and clack at firſt with water, this laſt objection might be 


| Of the Dhein Ii of Conduit 


In ſome caſes the pump cannot beplaced conveniently per- 
pendicular to the well ; for example, being to raiſe water out 
on, t tbe well at A by means of a pump at B, the beſt way will | 
be to carry the barrel as low as the ſpring is, communicating '® * 


1 therewith 
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. therewith by means of the pipe at C. The bucket then 


playing in the barrel B C will have the ſame effect, as if 
the well was made perpendicular to the pump; becauſe the 
water, by its proper weight, will always repleniſh B C, 


through A, to the level of the well water at F. 


And if it ſhould 3 * ſome conſiderable impe. 


.diment, that the barrel cannot go down to the well di- 


realy, it may be led about any other way for ſake of con- 
venience. And then making the pipe of conveyance E, leſs 
in diameter than the barrel, it will ſooner be exhauſted of 
air, by moving the piſton, and the water will follow very 
briſkly, as by the leaden pump at D. 


It will, however, always be more eaſy to draw water 


with pipes that are large, and of an equal bore throughout ; 


becauſe the water will have a leſs velocity in them, and the 


friction will be in proportion leſs. Upon this account the 


pumps ordinarily made by the plumbers, go not ſo eaſy as 
thoſe bored out of trees ; becauſe, by making their pipe that 
brings up water from the ſpring ſo much leſs than the 
bucket, they, as it were, wire-draw the water raiſed. If 
the barrel, for inſtance, be four inches in diameter, and the 
pipe of conduit one, it will in riſing move ſixteen times as 
faſt through this as it will in that, to the expence of need- 
leſs labour, as well as the great wear and friction of the 
machine, . 

1 


For the like reaſon it will alſo be a fault to bore a pump 
conically upward, becauſe the water cannot with freedom 
get away ſo faſt, as a vacuum may be made in the moving 
piſton; and the reflection of the water from the ſides, will 
always be a hindrance to the operation. 
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In practice, however, it is generally obſerved, that ſuch 
leaden pumps as work pleaſantly, and are light upon the 
hand, have the water-way in the ſucking pipe nearly equal 
to 1-fourth of the area of the barrel; and accordingly an 
inch and half pipe will pretty well ſupply a three inch bar- 


"rel; and «four inch bare ſhould have a leading pipe nearly 


two inches in diameter. 


O the Lifting Pump. 
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THE ſtructure of the lifting pump differs from that of Fig. 4. 


the ſucking pump in nothing but the diſpoſition. As that 
has its fixed valve below, and the moveable one above, in 
the barrel A B, (Fig. 1.) this is juſt the contrary, as C and 
D. As the bucket or piſton of that is moved by a rod 
within the bore of the pipe, this is ſo by means of a ſtrong 
frame fixed to à rod without at E. As in that, it is of ad- 
vantage, for fear of a leak, to have the pump work, if 
poſſible, in or near the ſource of water; this in practice is 
commonly ſo done, and for thkiF reaſon is very ſeldom ſub- 
ject to any failure in its performance. An'elbow in this 
kind of pump, to lead the "lifted water clear of the play- 
ing of the rod, which of neceſſity muſt move perpendicu- 
lily, is unavoidable. The friction occaſioned hereby will 
however m_ akon the nearer this bend comes to 4 
R * 


Don ename and ruure of this machine, it may be 
imagined; perhaps, that the air's' preſſure is not of equal 
ſervice to this kind of pump, as to the former; but it is 
quite otherwiſe. For if both valves be not perfectly air 
tight, water cannot be well raiſed thereby: but in caſe 

neither 


Fig. 5 
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neither of them is defective, water will be raiſed to very 
good purpoſe, by much the ſame kind of proceſs as that of 
the ſucking pump, before explained. Nor is there any 
doubt but that if too machines, a ſucking and a lifting 
pump, were made of equal bores, wrought with equal 
force and were in every circumſtance alike, _ would 
be found of equal ſervice in raiſing water. 


On the Forcing Pump. 


THIS pump conſiſts of a barrel A B, a piſton or 
forcer C, leathered upwards, that it may - withſtand the 
preſſure of the atmoſphere from above, that ſo by ſuck- 
ing, when raiſed, it may bring up the water to ſupply the 
barrel; and *tis alſo leathered downwards, that, when re- 
preſſed, it may reſiſt the weight of the water to be forced up, 
or raiſed for uſe. There are always two fixed valves in this 
kind of pump; one in ſome.convenient part of -the ſucking 
pipe, as at D, the other in the branching or-forcing pipe, 
as E. Theſe ought in like manner to be air tight, and ſo 
diſpoſed as to let the water freely riſe, but are e 
to hinder its return. . , 

When the * is firſt 3 upwards in the barrel, the 
air between that and the water below, having room to dilate, 
by its natural ſpring, will of courſe be rarefied therein; the 
preſſure of the atmoſphere then being intercepted by the 
force of the barrel A B on one hand, and by the upper valve 
at E in the branching pipe on the other, the water will 
riſe from the ſpring. into A B, for the reaſon already 
given: and repeated ſtrokes of the piſton will fetch up the 
fluid to.the forcer, - and at length fill the cavity of the 
K : pipes 
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pipes between the fixed valves D and E. This done, the 
water in this manner ſucceſſively raiſed, being hindered 
from going down again by the lower valve, will be preſſed 


by the forcer every time it deſcends, and be thereby obliged 


to make its way where the leaſt reſiſtance is, viz. through 
the upper valve at E. And whenever on the riſing of the 
forcer, this preſſure intermits, the valve at E will imme- 
diately cloſe under the weight of the upper water, and pre- 
vents its return that way, while the piſton is riſing with a 
freſh ſupply ; and this is repeated at every ſtroke of the 
ſorcer. | 


\ 
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Deſcription of a Pump invented by M. de lu Hire, adi By 
raiſes Water equally quick by the Deſcent as 85 the Aſcent of 


ark gory eg fe 


AA is a well in which the lower 4 of the pipes B. 
and C are placed. D is the pump barrel, into the — 
moſt end of which the top of the open pipe B is ſoldered, 
and in the uppermoſt end the hollow pipe S is ſoldered, 
which opens into the barrel, and the top of the pipe C is 
ſoldered into that piece. Each of theſe pipes has 2 valve 
on its top, and ſo have the crooked pipes E and F, whoſe 
lower ends are 6.7 gg barrel, mum 
ends 150 the box G. | 


H is the pump handle, its center of motion Ka I; and 
as it is moved up and down, it moves the ſolid plunger K 
up and down in the barrel, by the ſtraight rod or ſpear L, 
which moves air-tight in a long collar of leather in the 
neck M and an are frat, 2s on K, nor 

Ka lower 
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plunger is raiſed, it cannot force the water above it, back 
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lower than D ; fo that from K to 22 is the length of the 
ſtroke. 


As the plungerriſes from D to K, the atmoſphere (pref. 
ſing on the ſurface of the water A A in the well) forces the 
water up the pipe B, through the valve b, and fills the 
pump barrel with water up to the plunger ; and during this 
time, the valves e and S lie cloſe and air- tight on the tops 
of the pipes E and C. 


When the plunger is up to its greateſt height at K, it 
ſtops there for an inſtant, and in that inſtant the valve b 
falls, and ſtops the pipe B at top. Then, as the plunger goes g 
down, it cannot force the water between K and D back 
through the cloſe valve b, but forces all that water up, 
through the crooked pipe E through the valve e, which 
then opens upward by the forte of the water ; and this wa- 
ter, after having filled the box G, riſes into the pipe N, th 


and runs off by the ſpout at O. | an 
During the deten of de plunger K., the vile f 
down, and covers the top of the crooked pipe F; and the th 
preſſure of the atmoſphere on the well A A forces the water * 
a 


up the pipe C, through the valve 8, which then opens up- 
ward by the force of the aſcending water; and this water [po 
runs from 8 into the pump barrel, and fills all the ſpace in 
it above the plunger. 


When the plunger is down to its loweſt deſcent at D, 
and ſtops there for an inſtant, in that inſtant the valve S falls 
down, and ſhuts the top of the pipe C: and then, as the 


through the valve S, but drives all that water up to the 
crooked 
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crooked pipe F, through the valve f, which opens upward 
by the force of the aſcending water, which water after 
filling the box G, 1s forced up from thence 1 into d the pipe 
N, and runs off by the ſpout at O. 


And thus as the plunger deſcends, it forces the water be- 
low it up the pipe E; and as it aſcends, it forces the water 
above it up the pipe F, the preſſure of the atmoſphere fill- 
ing the pump barrel below the plunger through the pipe B 
while the plunger aſcends, and filling the barrel with water 
above the plunger, through the on C, as the Py 
goes down. 


And thus there is as much water forced up the pipe N to 
the ſpout O by the deſcent of the plunger, as by its aſcent; 
and, in each caſe, as much water diſcharged at O as fills 
that part of the pump barrel as the plunger moves up 
and down i in. | 


On the top of the pipe O is a cloſe air veſſel P. When 
the water is forced up above the ſpout O it compreſſes the 
ar in the veſſel P; and this air, by the force of its ſpring 
acting on the water, cauſes the water to run off by the 
ſpout O in a conſtant and (very nearly) equal ſtream. 

5 ä . 


Whatever the height of the ſpout O be above the ſurface 
of the well, the top S of the pipe C muſt not be 32 feet 
above that ſurface ; becauſe if that pipe could be entirely EX= 
hauſted of air, the preſſure of the atmoſphere in the well 
vould not force the water up the pipe to a greater height 
than 32 feet. And if S be within 24 feet of the ſurface of 
tie well, the pump will be fo much the better. 


Aa 2 As 
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dry and ſhrink when the pump is not nſed, and conſe- 
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As the collar of leathers within the neck Mis apt to 


quently to let air get into the pump barrel, which would 
ſtop the operation oſ the atmoſphere in the pipe C; I think 
collars of old hats might be uſed. inſtead of leathers, as they 
would not be liable to that inconvenience, 


It matters little what the ſize of the pipe N be, through 
which the water is forced up to the ſpout : buta great deal 
depends on the ſize of the pump barrel, and according to 
the height of the ſpout O above the ſurface of the well, 
the diameter of the bore of the barrel ſhould be as follows 


For 10 feet high the bore ſhould be 6. 9 inches; for 15 
fert 5, 6; for 20 feet 4. 9; for 25 feet 4. 4; for 30 feet 4. o; 
for 35 feet 3. 7; for 40 feet 3. 5; for 45 feet 3. 3; for 50 
feet 3. 1; for 55 feet 2. 9; for 60 feet 2. 8; for 65 feet 2. 7 ; 
for 70 feet 2,6; for 75 feet 2. 5; for 80 feet 2. 5 will do; 
for 85 feet 2. 43 for 9o feet 2. 3; for 95 feet 2. 2; and for 
oo feet the diameter of the bore ſhould net exceed 2. 1 
or 2. 2 inches at moſt, If theſe proportions are attended 
to, a man of common ſtrength may raiſe water 100 feet high 
by one pump as eaſily as he could raiſe it 10 feet high by 
another, 

In this pump the pipes B and C ſeem to be rather too 
ſmall, which will cauſe the water rifing in them to have 
a great deal of friction from the quiekneſs of its motion: 
and whoever makes ſuch a pump, wil find | it very difficult 
to make the leathers in the neck M water tight, ſo as that 


no water ſhall be forced out that way when the piſton is 
drawn up. 
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lulu, un en a more ſimple cumſtruction, * by Mr. 
N. oble. . a - 


T7 8 


'THIS pump deſerves notice, as, it keeps a TS Plate Xl. 
ſtream ; being compoſed only of one ſtraight pipe, or tube 


and two piſtons, having each a bucket and a valve; it gaiſes 
as much water withthe ſame power and in the ſame time 
as two barrels with four valves will do; and being fimplg 
in its principles, may be conſtrued reaſonable, e 
with M. de la Hire's pump. 


* * 


Ai is a ſtreight tude, or barrel, in which two bake 
work; the bucket B, is worked H the 1c and the 
bucket D is worked by the rod E; which rog goes through 
a hole in the bucket B, and is moved up and down byg#0 
circylar pieces of wood F, fixed to two hand! "> 


TE: one bucket to aſceng with its loa apd ſo 
verſa, » . | 8; 


* . 5 


E w/e” 

An Pr for raifing Water by a continual 6 * 
F @ hair Rope, invented by Sieur Vera. 

Wy 


A, i is a Wheel 4 foot over, having an axis and a win ; 
B B, two | pullies fourteen inches diameter, in order to N 


the ropes to a, proper qiſtance in the well, and be in kontact 


a 


+ 


Fig. 2 
& © 


with a greater ſurface of the wheel; C C, a hair rope near 


one inch diameter; D, a reſervoir to collect the water; E, 
a ſpout to coqvey the water from the reſervoir ; F, the top of 
the well ; G, the ſurface of the water in the well; H, a 
frame ih ver the lower pulley I is fixed; I, a pulley un- 


. 
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i der which the rope runs, in order to keep it tight; K, the 


handle to turn the wheel; L, L, L, a box made of thin 
boards, in order to collect the water into the refervoir D. 


* When the handle K is turned about with a conſiderable 
velocity, the water, which adheres to the rope C C, (in 
4 | 4 : 

wells not very deep) is very confiderable ; the rope thus 
paſſes through the tube D, which, being 5 or 6 inches 
higher than the bottom of the reſervoir, hinders the water 
from returning back into the well, and is conveyed in a 
continual ſtream through the ſpout E. I have ſeen ſome 


ol the above engines improved by Mr. Stamford, which have 


raiſed a greater quantity of water than any perſon, unſkilled 
in hydraulics, gguld luggole in the ſame time, from ſuch a 


ſimple contrivance. 
4 — 


+ 


» 
% An Engine to raiſe Water by Fire. 
= #6 * * 8 . i 
"ThE Marquis of Worceſter, in his Century of Inventions, 
(printed As D. 1663) was the firſt who propoſed raiſing 


* 


ö greit qugptities of water by the forke of fire, turning water 


inte ſteam ; and he mentions ſome engine of tIffs kind, 
which he ſaw, which played a continual ſtream in the man- 
ner of a fountain, 40 feet high. He alſo ſays, that a per- 
{on attending it, turned two cocks ; that one veſſel of water 
being cgnſumed, another begins to force and refill with cold 


water; and this alternately and ſucceſſively, the fire being 
attended and kept as equal as poſſible. 


*s 


Captain Savery, having read this account, immediately 
attempted to raiſe water by fire, and was the firſt who erect- 
ed an engine for this purpoſe, of the form we have ſince had 
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them. To ſecure the invention to himſelf, he bought up 
all the marquis 's books that he could find, and burnt them; 
and then gave it out that he diſcovered the method by acci- 
dent. He made many experiments to bring the machine to 
perfection, and erected ſeveral for gentlemen's N A 
could not ſycceed for mines, the depth from which water 
was to be raiſed from thence, being ſo great, that it required 


way. 


Thus the progreſs of the engine was ſtopped, till long 
afterwards Mr. Newcomen, an ironmonger, and Mr. John 
Cawley, a glazier, contrived another way to xaiſe water by 
fire, where the fteam to raiſe the water from the greateſt 
depths of mines, is not required greater thafvhe preſſure of 
the atmoſphere ; and this is the preſent ſtructuge of the com- 
mon engine, and which is now of about 80 years ſtanding. 


References to the comma Fire Engine. 
A the boller. 
B the cylinder. 2 
C the 3 cock. 
D the ſteam cock, or regulator 
E the ſnifting Clack. 


F the eduction pipe, or ſinking pipe. | 
G the 


the ſteam too dangerouſly ſtrong to be attempteg in, his 


ig. 3» 
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9 the a valve. 


8 H the ſafety vali. 
I the piſton. . 
K the lever beam. | » 


- * 0 8 3 | 
L Weights to counterpoiſe the piſton, and to preſs the 
forcer down in the pump barrel M, to drive the water 
through the pipe or ſpout N. N 


$ .V 


O a ciſtern to hold the injection water. 


P an air veſſel to hinder the pipe N from burſting, and 
keep a regular ſtream. 


A is a * * veſſel, partly filled with water to d e, which 
being ſet over a fire and made to boil, will fill the upper 


part A D with a vaſtly elaſtic vapour, the ſufficient ſtrepgth 


whereof is known by its forcing open a valve at H: this 
heated elaſtic ſteam is, by turning a cock at D, let into the 
barrel B, where by its elaſtic force it raiſes the piſton I 
which drives the air above it through a proper dack at the 
top. After this, that the piſton may by its weight deſcend, 
a little cold water from the ciſtern O, is let in at the bottom, 


by turning a cock at C, which, in form of a jet, condenſes 


the hot ſteam in the barrel, into 13000 times leſs ſpace 
than it took up before, which makes a ſufficient va- 
cuum for the piſton to deſcend in. The piſton I and lever 
K, being thus put into motion, do accordingly 1 raiſe and 
depreſs the piſton a, in the barrel M of the forcing pump, 
on the other ſide; which by the pipe O, draws the water 
from the depth Mm and forces it to riſe and ſpout through 


the 
* 


USEFUL KNOWLEDGE: 


ie tube N, continued to ahy eight at pleaſure This 


engine is uſed to draw the water from coal pits and other 
mi nes. There are various other engines of à more com- 
plex ſtructure; but as they act upon the ſame common 
r on Pg ny 
here. 


- 
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The only improvement that has been madle in the fire 
engine for thirty. years paſt, the public will very juſtly at- 
tribute to the ſagacity of Mr. Watt, whoſe {kill in pneu- 
matics, mechanics, and hydraulics, is evinced by the pow- 
erful application of elaſtic vapour, and by making a more 
perfe&t vacuum, nearly like that of the barometer, i in his 
new conſtructed fire engine. N 


But before I can explain Mr. Watt's engines, it is ne- 
cellary to premiſe a ſhort account of the imperfections of 
the common ſteam engines, and their cauſes. * 


The ſteam or vapour, which ariſes from water confined 


in a cloſe yeſlel, and heated a few degrees above the point 


at which it boils in the open air, becomes an elaſtic fluid, 
uniform and tranſ] parent, about half” the gravity of atmoſ- 
pheric air, very much greater i in bulk than the water of 
which it js compoſed, and capable of being again reduced 


to water, When brought into contact with matter of a b 
degree of beat than itſelf. | 


The preſſure of the atimoſphere or any equivalent reſiſt 
8e, prevents the production of ſteam, until the water be 
heated to 212 degrees of Fahrenheits thermometer, but 
When that preſſure is removed, or the water placed in a 
Veſſel exhauſted of air, ſteam is produced from it, when it is 

BW colder 
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colder than the human blood, On the contrary, if water 
be preſſed upon by air or ſteam, which are more compreſſed 
than the atmoſphere, a degree of heat above 212 degrees is 
neceſſary for the production of ſteam; and the difference of 
heats, at which water boils under different preſſures, in- 
creaſes in a leſs proportion than the preſſures themſelves ; 
ſo that a double preſſure requires leſs than a double increaſe 
of ſenſible heat. 


The experiments which have been publiſhed concerning 
the bulk of water, when converted into ſteam are errone- 
ous, and the concluſions drawn from them make that bulk 
greater than it really is. It has been known for ſome time 
that water would boil in an exhauſted receiver at a low de- 
gree of heat, | 


It we conſider the common ſteam engine, we ſhall find 
it defective; firſt, becauſe the vacuum is produced by 
throwing cold water into the cylinder to condenſe the ſteam ; 
that water becomes hot, and, being in a veſſel partially ex- 
nauſted, produces a ſteam, which in part reſiſts the preſſure 
of the atmoſphere upon the piſton, and leſſens the power of 
the engine. The ſecond defect is the deſtruction of ſteam, 
which unavoidably happens upon attempting to fill a cold 
cylinder with that fluid; for the injection water, at the ſame 
time that it condenſes the ſteam, not only cools the cylinder, 
but remains there, until it be extruded at the eduQion pipe, 
by the ſteam which is let in to fill the cylinder for the next 
ſtroke : and that ſteam will be condenſed into water as faſt 
as it enters, until all the matter it comes in contact with, be 
nearly as hot as itſelf, | 
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Every attempt to make the vacuum more perfect by the 
addition of injection water, will cool the cylinder more 
effectually, and cauſe a greater deſtruction of ſteam in the 
next filling ; and if the engine has already a proper load, 
the deſtruction of ſteam will proceed in a greater ratio, 
than the increaſe of power by the amendment of the 


Though it appears that the conſtructors of ſteam engines | 


have ngver inveſtigated theſe cauſes ; yet they have been ſo 
ſenſible of the effects, that a judicious engineer does riot at- 
tempt to load his engine with a column of water, heavier 


than ſeven pounds for each ſquare inch of the area of the 


piſton, 


Mr. Watt's improvement is founded upon theſe, and ſome 
other collateral - obſervations. He preſerves an uniform 
heat in the cylinder of his engines, by ſuffering no cold wa- 


ter to touch it, and by protecting it from the air or other 


cold bodies, by a ſurrounding caſe filled with the ſteam, or 
with hot air or water, and by coating it over with ſub- 
ſtances that tranſmit heat lowly. He makes his vacuum 
to approach nearly to that of the barometer, by condenſing 
the ſteam in a ſeparate veſſel, called the condenſer, which 
may be cooled at pleaſure without cooling the .cylinder, 
either by an injection of cold water, or by ſurrounding the 
condenſer with it, and generally by both. He extracts 
the injection water and detached air, from the cylinder or 
condenſer, by pumps which are wrought by the engine it- 
(elf, or he blows it out by the ſteam. As the entrance of 
ar into the cylinder would ſtop the operation of the en- 
gines, and as it is hardly to be expected that ſuch enormous 
pions, as thoſe of ſteam engines, can move up and down, 
B b 2 and 
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and yet be abſolutely air tight in the common engines; a 
ſtream of water is kept always running upon the piſton, 
which. prevents the entry of the air, but this mode of 


ſecuring the piſton, though not hurtful in the common 


ones, would be highly prejudicial in the new engines. 
Their piſton is therefore made more accurately,; and 
the outward: cylinder having a lid which covers it, the 
ſteam is introduced above the piſton ; and when a vacuum 
is produced under it, acts upon it by its -elaſticity, as the 
atmoſphere does upon common engines by its gravity. 
This way of working effectually excludes the air from the 
inner cylinder, and gives the advantage of adding to the 
power, by increaſing the elaſticity of the ſteam. 


References to the new improved Fire Engine, | 
A the boiler, 
B the ſafety valve. 


C the pipe which conyeys the ſteam to the outer cy 
linder. 


D the outer cylinder, 

E the inner cylinder, 

F the piſton, 

G the valve that admits the ſteam from the outer cylin- 


ger into the 1 inner cylinder, called the ſteam valve. 
H the 
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I 


USEFUL KNOWLEDGE. 


H he valve that admits the ſteam from the inner cylinder 
into the condenſer, called the condenſing valve. 


1 the condenſer. 


K the injeRtion valve that admits a fet of cold water into 
the condenſer to condenſe the ſteam. | 


L the air pump that exhauſts the condenſer both of air 


and the injection water that is let in every. ſtroke, and is 


fixed under water in d 


1 


O the great water pump for clearing the mines or raiſing 
water for other uſes through the pipe P. 


The internal ſtructure of the new engine ſo much re- 
ſembles the common ones, that I expect thoſe who know - 
that machine will underſtand this from the following de- 
ſcription. 


The cylinder, the great beams, the pumps, &c. ſtand near- 
ly in their uſual poſitions. The cylinder is ſmaller than 
uſual in proportion to the load, and is very accurately bored. 
In the moſt compleat engines, it is ſurrounded at a ſmall 
diſtance with another cylinder, furniſhed with a bottom and 


a lid. The interſtice between the cylinders, communi- 


cates with the boiler by a large pipe, open at both ends, ſo 
that it is always filled with ſteam, and thereby maintains the 
inner cylinder always of the ſame heat with the ſteam, and 
prevents any condenſation. within.it, which would be more 
getrimental than an equal condenſation in the outer one. 
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The inner cylinder has a bottom and piſton as uſual ; and 
as it does not reach up quite to the lid of the outer cylinder, 
the ſteam in the interſtice has always free acceſs to the upper 
ſide of the piſton. The lid of the outer cylinder has a hole 
in its middle ; and the piſton rod, which is made truly cylin- 
drical, moves up and down through that hole, which is kept 
tight by a collar of oakum ſcrewed down upon it, 


At the bottom of the inner cylinder, there are two 


regulating valves, one of which admits the ſteam to paſs 


from the interſtice into the inner cylinder below the piſton, 
or ſhuts it out at pleaſure ; the other opens or ſhuts the end 
of a pipe, which leads to the condenſer. The condenſer 
conſiſts of one or more pumps furniſhed with clacks and 
buckets (nearly the ſame as in common pumps) which are 
wrought by chains faſtened to the great working beam of 
the engine. The pipe, which comes from the cylinder, is 
Joined to the bottom of theſe pumps, and the whole conden- 
ſer ſtands immerſed in a ciſtern of cold water ſupplied by the 
engine. The place of this ciſtern is either within the houſe 
under the floor, between the cylinder and the lever wall ; or 
without the houſe, between that wall and the engine ſhaft, 
as W.. may require. 


The condenſer being exhauſted of air by blowing, and 


both the cylinders being filled with ſteam, the regulating 


valve which admits the ſteam into the inner cylinder is ſhut, 
and the other regulator which communicates with the con- 
denſer is opened, and the ſteam ruſhes into the vacuum of 
the condenſer with violence ; but there it comes into con- 
ta with the cold ſides of the pipe and pumps, and meets 
a jet of cold water which was opened at the ſame time with 


the exhauſtion-regulator ; theſe inftantly deprive it of its 


heat, 
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heat, and reduce it to water; and the vacuum remaining 


perſect, more ſteam continues to ruſh in, and be condenſed 
until the the inner cylinder is exhauſted. Then the ſteam 


which is above the piſton, ceaſing to be counteracted by 


that which was below it, acts upon the piſton with its 
whole elaſticity, and forces it to deſcend to the bottom of 
the cylinder, and ſo raiſes the buckets of the pumps which 
are hung to the other end of the beam. The exhauſtion 
regulator is now ſhut, and the ſteam one opened again, 


which by letting in the ſteam, allows the piſton to be pulled 


up by the ſuperior weight of the pump rods ; and ſo the en- 
gine is ready for another ſtroke. 


The working of theſe engines is more regular and ſteady 
than the common ones, and from what has been faid, their 


pther advantages are apparently very conſiderable ; but to 
ſay exactly how much they excel common engines, is diffi- 


eult, as common engines differ very much among them- 


ſelves. . I am told, that the ſavings amount at leaſt to two 


thirds of the fuel, which is a very conſiderable object where 


coals are expenſive. 
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Plate XIL 
Fig. 1. 


A the ſenſe of ſeeing is the nobleſt ſenſe belonging to 
an animal, without which he would live in perpetual 
darkneſs, unable to perform the neceſſary exerciſes of liſe; 
and ſince all that has been demonſtrated of glaſſes, and will 
hereafter be demonſtrated of all optical machines, tend on- 
ly to this ſingle end, to help and improve the ſenſe of-fee- 
ing. And ſince the eye is the organ or inſtrument by which 
viſion is performed; it is by nature an optical inſtrument, 
and the foundation of all others, and therefore it cannot be 
amiſs to give a ſhort deſcription thereof. | 


ABCE is the eye, its figure ſpherical; by reaſon of 
which, it is eaſily moved any way in its ſocket. The fore- 


part at A is more convex than the reſt. It is contained in 


three membranes, the outermoſt. is the Sclerotica ; the ſe- 
cond the Tunica choroides ; the fore-part of it is called the 


Iris, which conſiſts of many fibres like ſo many radii. The 


third or innermoſt is called the Retina, which is ngthing 
but the optic nerve, ſpread over the bottom of the eye. 


In theſe are contained the three humours of the eye; 


the firſt is H A I, called the Aqueous humour, which is 4 
il 
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chin liquor like water, The ſecond is F G the the Chry/- 
talline, in form of a lens, more convex behind towards C. 
Adjoining to this is the third K L, called the Vitreous 
humonr. rot 979 S 


The chryſtalline is more denſe than the vitreous, and the 
vitreous more denſe than the aqueous humour, and all to- 
gether make a compound lens, which refracts the rays of 
light, iſſuing from an object P R, to the bottom of the eye, 
and there paints its'image p'r in the focus upon the retina 
inverte dt. | | br co] 


The figure of the aqueous humour is a meniſcus, and ſo 
is that of the vitreous. The fore-part of the ſclerotica is 
called the Cornea, and that part adjoining to it, is called the 
l bite of the eye. Within the cornea is a coat called the 
Uvea; in the middle of this is a hole O called the Pup, to 
let in the rays of light. And the pupil is contracted or dila- 
ted by ſeveral muſcular fibres in the uvea'or iris, according 
as more or leſs light falls on the eye, and that by an invo- 


* W 


2D be nerve going from the retina to the com- 
mon ſenſorium in the brain, where theſe images are per- 
ceived. e ee eee 20 os eee 
W W | | 


ee ee chryſtalline F G is a ring of 
fibres, by help of which the diſtance A C is made longer 
or ſhorter, in order to bring the image p r upon the retina, 
for diſtin viſion. And perhaps theſe fibres alſo make the 
chryſtalline more or leſs convex at the ſame time. This ring 
C c of 
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of fibres is called the Ligamentum ciliare ; and its back part 
is black, to ſtifle the rays that are reflected upon it. 


The eye is moved in the head by ſeveral muſcles inſerted 
in the ſclerotica, ſo that it may be quickly directed to any 
oY | 


[1 Ihe image of an object does not fall upon the retina 

at p r, the viſion will be confuſed. If it fall ſhort, or 
nearer F G; then a concave lens that makes the rays more 
diverging will bring them to the retina. This is the caſe 
of purblind or ſhort- ſighted people, who are forced to look 
very near an 4 or elſe they muſt uſe concave ſpec- 
Wiley. ; 


Tf the rays do not unite till they get beyond the retina, as 
in moſt-old- people; then a common convex lens of a due 
force, held between the eye and the object, will make them 
converge, and fall upon the retina, Therefore long - ſighted 
people muſt uſe convex ſpectacles. 


Although the image is painted inverted in the eye, yet 


we judge it erect; becauſe we always find it ſo by cuſ- 
tom and experience. 


But that viſion is effected in this manner, may be de- 
monſtrated experimentally. Take a bullock's eye while it 


is freth, and having cut off the three coats from the back 


part, quite to the vitreous humour, put a piece of white 
paper over that part, and hold the eye towards any bright 
object, and you will ſee an inverted picture of the object 
W eo” 


Seeing 


1 ae 1 8 2 7 4 
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Seeing the image is inverted, many have wondered why 
the object appears upright. But we are to conſider, 
1. That inverted is only a relative term: and 2. That 
there is a very great difference between the real object. and 
the means or image by which we perceive it. When all 
the parts of a diſtant proſpect are painted upon the retina, 
they are all right with reſpe& to one another, as well as the 
parts of the proſpect itſelf; and we can only judge of an 


object's being inverted; when it is turned reverſe to its na- 


tural poſition, with reſpect to other objects which we ſee 

and compare it with. If we lay hold of an upright ſtick in 
the dark, we can tell which is the upper or lower patt of it, 
by moving our hand upward or downward; and know very 
well that we cannot feel the upper end by moving our hand 
downward. Juſt ſo we find by experience, that upon di- 
recting our eyes towards a tall object, we cannot ſee its top 
by turning our eyes down ward, nor its foot by turning our 
eyes upward; but muſt trace the object the ſame way by 
the eye to ſee it from head to foot, as as we do by the hand 


to feel it; and as the judgment is informed” by the motion 


of the hand in one caſe, ſo mne of the 
1 8 ot 


The diameters of images at the bottom of the eye, as 
p r, are proportional to the angles which the objects ſub- 
tend at the eye, as P O R; the ſame as in a lens; and 


are reciprocally as the diſtances of the ſame . n 


1 places. 


- 


The eye is in reality no more than a camera obſcura, for - 


the rays of light flowing from all the points of an object, 
through the pupil of the eye, do by the refraction of the 
humours of * eye, paint the image thereof i in the bottom 


C ca of 
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ol the eye; juſt ſo it is in the camera obſcura, where all the 
rays refracted by a lens in the window-ſhut, or paſling 


through a ſmall hole in it, paint the image on the oppolite 
wall. Some properties of the eye are theſe : 


Iſt. The eye can only ſee a very ſmall part of an object 
diſtinctly at once. For the collateral parts of an object are 
not repreſented diſtinctly in the eye; and therefore the eye 
is forced to turn itſelf ſucceſſively to the ſeveral parts 
of the object it wants to view, that they may fall near 
the axis of the eye, where alone diſtinct viſion is per- 
formed. 


2d. When any point of an object is ſeen diſtinctly with 
both eyes, the axis of both eyes are directed to that point, 


and meet there. And then the object appears ſingle, though 


looked at with both eyes. For the optic nerves ark ſo 
framed, that the correſpondent parts in both eyes, lead to 
the ſame place in the brain, and giye but one ſenſation 
and the image will be twice as bright with both eyes as 
with one, But if the axis of both eyes are not direQed to 
the object, that object will appear double, as the pictures 
in the two eyes do not fall py correſpondent | or ſ.nilar 
parts of the retina, 4 


3d. The beſt eye can hardly diſtinguiſh a particle of mat- 
ter that ſubtends at the eye, an angle leſs than half a minute, 
And very few can diſtinguiſh it when it ſubtends a minute, 
If the diſtance of two ſtars in the heavens be not gronter 


than this, they will appear as one. 


4th. Young people can ſee nearer hand than old people; 
ſor as men grow old their eyes grow more flat ; and to cor; 


rech 


. 
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rect the rays of light at the retina, the object muſt be 
placed further off. And this is the reaſon that ſhort-ſighted 
people, as they w—_ older, ſee at a greater diſtance. 


5th. Though men may ſee diſtinly at different 3 | 


by altering the poſition and figure of the chryſtalline, yet 
they can only ſee diſtinctly within certain limits, and nearer 
than that, objects appear confuſed. But theſe limits are not 
the ſame in different people. A good eye can ſee diſtinctly 


when the rays fall parallel upon it; and then the principal 
ſocus is at the bottom of the eye. 


6th. If a 92 eye views an object at the leaſt diſtance, 


it can be ſeen diſtinctly, and then at twice that diſtance, and 
then at an infinite diſtance ; there is about the ſame altera- 


tion made in the figure of the eye, between the two laſt caſes, 
as there is between the two firſt. 


7th. If a ſhort-ſighted perſon can fee an object diſtinctly 
at two diſtances, whereof one 1s double the other ; as great 
an alteration muſt be made in the figure of his eyes to ſee it 
at an infinite diſtance, as there was made for the firſt two diſ- 
tances, or as great an alteration as is made in a good eye to fee 
diſtinctly from the greater diſtance to infinity. And there- 
fore a ſhort-ſighted pexſon can ſee diſtinctly at all diſtances 
with a ſingle concave glaſs, of a proper figure. And hence 
the cauſe of ſhort- ſightedneſs is not a want of power to 
change the figure of the eye; but that power is not great 
enough to accommodate it to all diſtances, taken from a 
ne ſo near the eye. 


8th. A man can judge at a ſmall diſtance with a ſingle 
eye, by frequently obſerving how much variation is made 
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in the eye to make the object diſtinct; and from this a ha- 
bit of judging is acquired. But this cannot be done at 
great diſtances, becauſe, though the diſtance be varied, the 
change in the eye becomes then inſenſible. 


9th. But a man can judge of greater diſtances with both 
eyes, than he can with one eye. For the eyes being at a 
diſtance from one another, as long as that diſtance has a 
ſenſible proportion to the diſtance of the object, one gets a 
habit of judging, by the poſition of the axis of the eyes, 


which are always directed to that point. For different diſ- 


tances require different poſitions of the axis, which depends 
on the motions of the eyes which we feel. But in very 
great diſtances, no judgment can be made from: the motion 
of the eyes, or their internal parts. Therefore we can 
only gueſs at the diſtances from the magnitude, colour, and 
the poſition of interjacent bodies, | 


Whatever light falls upon that part of the - retina, 
where the optic nerve D ſprings, makes no impreſſion; and 
therefore, if the picture of an object falls thereon, it is not 
perceived, and ſo that object. is invifible. This will appear 
by placing a ſmall bright object before you, and looking at 
it with one eye, and moving one eye laterally towards the 
contrary ſide (towards the left, if it be the right eye), the 
object will diſappear, and ſeem to be loſt; and moving it ſtill 
further, it will appear again. Now this place is not at the 
bottom of the eye, but nearer the noſe in both of them; ſo 
that no rays, either parallel or diverging, that come from 
any object, can fall upon that place in both the eyes; ſo 
that any object we direct the eyes to, will always be viſible, 
at leaſt to one eye. But the ſame bright objeck may be 


made to diſappear to both eyes, by directing the axis of 
„both 
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both eyes to a point a little beyond the noſe, to be found 
by trials. ; : 


11th. Dimneſs of ſight generally attends old people, and 

this may ariſe from two caules; 1: by the eyes growing 
flat, and not uniting the rays at the retina, which cauſes 
indiſtinctneſs of viſion ; or, 2. by the opacity of the hu- 
mours of the eye, which in time loſe their tranſparency in 
ſome degree ; from whence it follows that a great deal of 
the light is ſtopt and loſt, that enters the eye; and every ob- 
ject appears faint and dim 


12. As the rays of light flowing from an object, and 
painting its image upon the retina, are the immediate cauſe 
of ſeeing ; ſo where there is ho light, there can be no 
viſion : conſequently without light, the eye becomes a 
machine utterly- uſeleſs; as it can give us no manner 
of information of the exiſtence of bodies at a diſtance 
from us. 


DEFINITIONS. 


I, PTICS is a ſcicnce which teaches the nature, pro- 

perties, and laws of Viſion, ariſing from the rays 
of light, either reflected fronr the ſurfaces of bodies, or re- 
frafted in paſſing through them, and painting the images of 
objects on the Retina on the bottom of the eye. Allo this 
ſeience, in it's moſt extenſive acceptation, comprehends 
the whole doctrine of Light and Colours, and all the Phæ- 
nomena or appearances of viſible Objectr. Optics, there- 


tore conſiſts of three parts, viz. Cateptrics, Dieptrics, and 
Chromatics, 
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are rendered viſible, or capable of being ſeen by the eye. It 


tion thereof, made by the rays of light in the Focus, or 
place where they unite. 
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2. Catoptrics is that part which treats of Reflex Viſion, or 
all that relates to the viewing of objects by light 7efleed 
from the ſurfaces of bodies, whether plain, convex, concave, 
or otherwiſe; and in rays diverging, nn or 222g 


to each other. 


— 


3. Dispiries treats of the properties of light and viſion, 
ariſing from rays paſſing through tranſparent Media or bo- 
dies, as Air, Water, Glaſs, Chryftal, Diamond, &c. 


4. Chromatics treats of the Colours of light and natural 


bodies. Of this part Sir /ſaac Newton” O optics almoſt 
entirely conſiſt. 9 


'5. Light is that property of ſome bodies by which objects 


conſiſts of very ſmall particles which iſſue from the lumin- 
ous body in ſtraight lines. 


6. Rays or Beams of light, are thoſe ſtreams or ema- 
nations of light, which proceed from the luminous body, 
and enlighten or illuminate all objects ſo that they may 
be ſeen. 


7. The Radiant is that body or obje& which emits, or 
from which proceed, the rays of light under conſideration 


at any time. 


8. The Species of an object is the image or 3 


9. Parallil 
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9. Parallel rays, are ſuch as proceed equally difant from 
each other through all their courſe ; as thoſe — * *. 


and other 2 diſtant objects. 


; : 
' M3 NI 


10. „e jays ate fuck as, neincthg flv a das, 
approach nearer and nearer together in their progreſs, tend- 
ing to one certain point, where they all unite; thus the rays 
proceeding from the object A B to the point F. are 1 8 


ronverge towards that PE 1 

It. Mie rays are thoſe which, dos. 
any point, as A, do continually recede from each other as W a: 
they paſs along in their courſe towards B C. » 

12. The Frei of Reps i is that point to which all con- 
verging rays tend; and in which they unite and interſect 
each other; as the point F. And this is called the Real rig 25 
 Fecus ; but 


13. The nmel of imaginary ond is a point, as f, to 
which the rays A B tend, and where they would unite, Fig $6 
were they not intercepted by the obſtacle (ſuppoſe a mir- 
rour) C D; dy which means they are 5 and 
made to — 2 in | their Na Na wa 


14. Naila of rays Þ beit Reginſs or & Retwining from 
the ſurface of ſuch bodies on which they fall, and cannot 
penetrate or enter, Thus the ray B C falling on the ſur- Fig, 6, 
face A D, is reflected or turned „ ne 
direction C E. ä 


15. The Plane of Reflettion is that in which the reflecting 
point, or ſurface, is ſituated, as A D and a d. Fig. 7, 8. 
rs 16. Mirrours 
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Fig. 6. . 16. AMirrours or Speculums art thoſe bodies whoſe ſurfaces 
ie ſo very ſmooth, and fine poliſhed, as to be impervious 
to the rays of light which fall on them, and which 
therefore they reflect ſo entirely, as to repreſent the Images of 
Objelts oppoſed to them. Theſe are generally made of me- 
tal. ar glaſs poliſhed on one ſide, and ſilvered man. 
-and ate either PIR 0 concave. 
. bal 381: 
LT 7. Plam Mirr rrours are wr whoſe furfaces are _— 
Planes, and whoſe ſection is a ftraight Line, as AD. Note, 
abe pe called ſe . 
2 191110 
18. "1 200 Alps are ſuch whoſe ſurfaces do every 
way equally and uniformly riſe above the plane of their 
- baſes or loweſt. parts; the ſection of which ſort of mirrour 
is a Gurve, either Circular, Ellintital, Parabelical, or Hy- 
perbalital. Where A C D is a Circular, ſection, and the 
Mirrour is the ſegment of a Globe, or Spherical ſurface, 
which are moſt of common uſe. As 


Tig Te 


19. Concave Mirrours are thoſe whoſe ſurfaces ſink 

down with an uniform hollownels or curvity, below the up- 

Fig. 8, per parts A D, and whoſe ſection allo is a Curve, as various 
as the convex above; but A D is circular, and its ſurface 

the internal par OY an hollow Sphere, as bing moſt in 


0D Dar; (ls DINE 1 | nit 0 

20. 3 is that which comes from any ob- 
ject, and falls on the A and CE 
is the reflected Ray. Fig. 6. 


ar. The Angle of Incidence is that which is contained 
_— the incident Key * 3 1 to 
2 the 


& — 


Is 
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the 'refleRing ſurface in ene viz, 


the angle B C F. 


22. The Angle of Refleftion is that contained between 
the ſaid perpendicular F C, and the reflected ray C E; 
viz, the angle F C E. 


23. Refraction of rays is their * bent or turned out 
of their firſt courſe, in paſſing out of one Medium into 


another. Let ADH I be a body of Mater, A D it's rig, 4 


ſurface, C a point in which a ray of light B C in the ait) 
begins to enter the ſame; this ray by the greater denlity of 


the water, will be reſiſted, and inſtead of paſſing ſtraight 


forwards in its firſt direction to K, it will be bent there- 
from, and made to deſcribe the tract C E, which is called 


the refraied Ruy. Let F G be drawn perpendicular to 


the ſurface of the medium in C, then it is plain the ray B 
C in paſling out of a rarer Medium (viz. of Air) into a 


denſer Medium, (viz. of Water) is refracted into a ray 


C E, which is nearer to the perpendieular C G, than the 
incident Ray ; and on the contrary, the ray E C paſſing out 


of a denſer into a rarer Medium, will de rem dae into! C B, 


which is farther from the perpendicular. 


24. The Angie B C F is the angle of | Ineitlence, as 
before; and F C E is the angle of Refraction, as being 
contained between the refracted ray C K, and the per- 
pendicular C G. 


25. A Lens is a medium, generally of Gluſi, of a proper 
form to collect or diſperſe the rays of light which paſs 
through it. Of theſe there are various forms, which, from 


thence, receive divers names. As, 


D d 2 26. A 


Fig. 6, 
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AN INTRODYCTION TO 
26. A Plano-Convex, which hath one ſide plain, he 


Fig. 0. other i pherical or convex; as A. 


27. A Plano-Concave, an and concave on 
5 | 


28, A Double-Convex, is * A. on both ſides; 
as C. 


; 5 29. A \ Danko Gamzoy, | is one Concave PR" * ſes; 
as D. 
30. A Meniſcus, is os and Concave 
on the other; as E. 


a ä ORE 2 D ” m » 2 — = 
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31. A Plain Glaſs, which is flat on both ſides, and of 
equal thickneſs in all its parts; as F. 


32. A Flat Plano-comvex, whoſe conyex ſide is . 
into ſeveral flat nn as G. 


. * EO” 9 © -- — 2 N —— 2 * 
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33. A Priſm, with three flat nes, and. when viewed 
end-ways, appears like an equilateral triangle; as H. 


-—- 


34. ine ſhapes ABCDE, 
are called lenfes, and a line going horizontally through the 
middle, I K, is called the axis of the lens. 


35. The Vertex of a Mirrour or Lens, as AB, is the 


ge 11s 1 - : 
Fi +l muddle point V, every way equally diſtant from it's baſe. 


whe wilkm Do... _#c. 


35. The 
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36. The Axis oſ a Mirrour or Lens is the right line E D, 
per through the yertex Y, and the center C, on which 
it was deſcribed, : 


37. The /; iſual or r Optic 5 is Fs which is contain- 
ed under the two right lines drawn from the extreme points 


a 


of an object to the eye; thus AEB or CED is the Optic Fig, 12, 


Angle, or that under which the objec AB or CD appears 
to the eye at E. 


- 38. A Pencil of ray is a double cone of rays, as LON pig. ,,. 


F L, joined together at the baſe in the Lens L N; of 
which one cone L ON has it's vertex in ſome point of an 
object, as at O; and the other cone L F N has it's vertex 
in the point of convergence, or Focus F. The middle line 
OF is called the 4xis of that pencil 


Of the prafiical Part of Optics, with as much Theory as will 
be fufficient for the Conftruftion and Uſe of myſt Kinds of 


optical + HIT 


WHAT TI here propoſe to lay dawn as the practical 
part of optics, is chiefly intended for thoſe whoſe curioſity 
and ingenuity may lead them to make cam diſcoveries i in 
this noble ſcience, 


This part of optics has always been kept as ſecret as poſ- 
ſible by people who made it their buſineſs, and the prices of 
optical inſtruments being partly out of the reach of any, but 
ſuch as are poſſeſſed of independent fortunes ; by this means, 
ſome thouſands of 1 ingenious enquirers have been deprived 

fro 4 


2056 


a Kg: viewing the glorious works of nature, which afford 


an INTRODUCTION TO 


uch an amazing field for contemplation 1 EE: 


It has been attended with great expence, and unwearied 


| Angence, for me to gain the little knowledge I have df this 


art, and which,” 1 Wal freely communicate to the public, 
in as plain a manner as I poſſibly can; in order to do this, 
I ſhall deſcfibe'the parts, as far as the conſtruction and uſe 
require, of every machine I ſhall have otcafion to treat 
of; at the ſame time, I would particularly recommend to 
every one who wilh to make ſome proficleticy'i in optics, to 
E cloſe application to the mathematics, as that is the only 
means whereby wy one can attain a true ge of i its 
theory. | | | 

My deſire alſo is to Hake "A ſenfible'of the "UT 
and information the microſcope, and teleſcope can afford, 
and inſtruct them how to manage as well as make theſe 


machines; likewiſe explain the effects of glaſſes: on the 


ſight, and lead them gradually into the be gebe 
magnifying powers of theſe inſtruments. 1 


* . A . 2 ds 1 
0 a 
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WHEN | objefts are ſeen through a bertschy h gaß, 
the rays of light paſs through it, from them to the eye, in a 


ſtraight direction, and parallel to each other; and conſe- 


quently, the objects appear very little either diminiſlied, or 


enlarged, or nearer, or farther off, than to the naked eye. 
But if the glaſs they ure ſeen through, has any degree of 
convexity, the rays of light are directed from the circom- 
ference towards the center, in an angle proportionable to 

ff, the 


| 
| 
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the convexity of the glaſs, and meet in a point, at a 
greater or leſſer diſtance from the glaſs, as it is more or 


leſrConvex. This point, Where the rays meet, is called the 


ſocus ; and this focus is nearer ' or ſarther off, accord - 
ing to the convexity of the glaſs p for as a little con- 


verity throws it to a conſiderable diſtance, ſo when the 


convexity is mueh; the focus is very near! Its magnifying 
power is alſo lin the ſame proportion to the convexity:s 
for ds a flat gas carce magniſies at all. the leſs à glaſs do- 
parts from flatneſs; the Teſs of courſe it magnifies; and 


the more it approaches towards 2 globular figure the 3 
its focus is, and the-mote its magnifying ede 


den glqaeg boichzil- Nor 2912141 10gio 1 a1 nn⁰ub io 

people s different kngeh of -ſight'depends/'on' cls rſarne 
principle, and arifes from a' more or'lefs convexity of the 
cornea and chryſtalline humour ef the eye; the routzder 
theſe are, the nearer will the focus or point of meeting 
rays be, and'the nearer an object muſt be brought to ſee 
it well. The caſe of ſhort-ſighted people is only an 
over-roundieſs of the eye, which makes a very near ſo- 


cus; and that of old people is a ſinking or flattening of | 


the eye, whereby the focus is thrown to a great diſtance: 
ſo that the former may properly be called eyes of too ſhort, 


and the latter eyes of too long a focus. Hence too, the 


remedy for the laſt is 4 convex glaſs, to ſupply the want of 
convexity in/the eye itſelf, and brings the rays to a ſhorter 


focus; whereas a concave glaſs is necdful for the firſt, to 
Teaser the. ras, a Pre ker DO to a N too 
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Nothing is mere common that tb obſerve” old people 


holding objects they would examine at a great diſtance 


From chem, tor. the reaſon! above-mentioned ; and every 
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body- WAKE mo- 1. —.— cannot ahnen any 
thing without bringing it very near their eyes. Both 
extremes are very inconvenient; but thoſe whoſe eyes 
are flat by age, ſhould temember with, ſatisfaction, that 
they have enjoyed the pleaſure of them, ſor many years; 
and the thort:lighted: may comfort themſelves, that they 
can diſtinguiſh much ſmaller objects than long - ſighted 
people: for the object is magnified in proportion to the 
toundneſs oſ the eye and the neatneſs of the focus, and 
conſequently appears four. times as hig to an eye whoſe 
focus is but four inches: off, as it does 10 one whoſe fo- 
cal diſtance is at eight inches. Short-ſighted people have 
alſo this farther advantage, that age improves their eyes 
by the fame means it. — other e that i by 
n F 


| 'C Ld * p . 
Een We cen be brought to the eye, the 

larger will be the angle under which it appears, and the 

more it will / be magnified. Now, that diſtance from the 


naked eye where the generality of people are ſuppoſed 


to ſee ſmall objects belt, is at about ſix. inches; conſe- 
quently, when ſuch, objects are brought nearer than ſix 
inches, they will become leſs diſtinQ ; and if to four of 
three, they will ſcarce be ſeen at all. But by the help of 


| convex glaſſes we are enabled to view things clearly at 


much ſhorter diſtances than theſe ; for the nature of a 
convex lens is to render an object diſtinctly viſible to the 
eye at the diſtance of its focus ; wherefore, the ſmaller a 
lens is, and the more its convexity, the nearer is its fo- 


cus, and the more its magnifying power. | 
Now, it is evident, from the figure, if Ather the cot- 
too 
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n fete as in dhe eye A, cheit focus will got be on the 


retina, as at d, where it ought., bes in order, w lebe 
viſion diſtinct; but, beyond the eye as at f. Conſequently | 


| thoſe rafsiWhich/Bowfrom the objecb C, and piſs through 


the humaurs ofethe ehe ate not cotuerged enough to mite 
at di andorhereforetirhis obſerver can haue but 2 very in 
diſtin vic of hett. Fhis is remedicd; by: placing/a 
convex glaſs g h, of a proper focus, before the eye, whith 
makes the rays converge ſooner, and n. the age 
11 | * 
G 04 FA * W 

If either the cornea, or chriſtalline humour, l 
tern, be too cohYν e as in e eye f the rays tliat enter 
in from tꝶe ON will be converged tha focus in the 
vitredtis hinnbur ( as ut f. and by diverging from thence to 
fo, of cburfd, Ilie obſerver wilt have as confuſtd a view of 
the obhect; asi Mis eye had been toe fat. This incor 
venience is remetred by placing a coneave glaſb ga h before f 
the eye; wich glaſs; by cauſing the rays" to- diberge be- 
tween it and the eye, lengthens the focal diſtance ſo, that if 
the glaſs be properly choſen, the rays will unite at the retina, 


N Alikt pictbre of the objecl upon . · 
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When guter ie put "i" frathes ſor ſpectacles, their 


frames ought riot to be ſtraight, ſo as bet eyes ftiay be as 
the ſamiti plate; beit they ouglit to bo ſo bent in ine middle, 
that the ais of Bork glaſſes muy de dimrEted to one print, 


at ſuch a diſtane@-as- you" generally ek with pe ueles. 


By this means the eyes will fall perpendicular, upon both 


glaſfes, and make the object appear diltinét. But if they 
fall obliquely upon the | alles, it will « chuſe a confuſed ap- 


Lt 105 the e pbjechs, therefore, th the ſhape © of the frame, 
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apparent, not the real magnitude of objects; they 1 


angle which they are ſeen under by the eye; and thoſe 


ANDINTRODUCTION 8 
6ught to be as repreſented when' AB Þ in the pane as one 
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| Spoltaces are the moſt uſeful ee eee t 

AY There are few people that grow into years, but t 

have occaſion for them to help their defectiye eyes, and g 
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THE word roar of e eee vn rl 1 
viewing, ſeveral; ſmall objects. I have before obſerved, thi 
that nature has ſo formed/the human eye, that we can- an 
not diſtinctly view an object at a nearer; diſtance than ſix a 
inches; and ſince there is an affinity of objects, which at c 
that diſtance appear either as points, or are wholly imper. 
ceptible, whatſoever inſtrument or contrivance will render 1 
Auch minute objects wande; and diſtinct, nen call a 


E ** whe fg 7 mat the micron 83 objeds 
ſeen through it ; but this is true only with regard to the 


appear to be larger with, than without a microſcope, b 

. — thaw apaner © b 
, magnified will be eaſy to apprehend, by rome) ct 
eee ee angle: 


The apparent magnitude of objects is meaſured by the 


angles are reciprocally as the diſtances from the eye. It 
therefore, at the diſtance of ſix inches, N dif- 
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cern an object, and then by an interpoſing à lens, or other 


body, I can come to view that very object at a nearer dil- 
tance, the object will appear to be as much larger through 


the lens, than before to the naked eye, e e 


Pee eee de eee eren INS 


1 


That thisis the caſe, is e from be A ea pines 3: 3 


in an object not clearly viſible to the naked eye, at a leſs diſ- 


tance than A B, becauſe the rays which proceed from it 
are too divergent to admit of diſtin& viſion till they have 


paſſed that diſtance; but if the ſame object be placed in 
the focus C of the lens D, the rays. which proceed from it 
will become parallel, by paſſing through the ſaid Jens, and 
therefore the object is diſtinAly viſible to the eye E, placed 
any where before the lens D. Conſequently it will appear 
Wremen. e 
D 5 


Il an obje@ AB ks RC of > lens i 


D E. and the eye in the other” focus E, the eye will ſee 
juſt ſo muchi of the object as is equal to the diameter of the 
lens; for the rays of A D and B E, which go from the 


object to the extremities of the lens D and E, and are 


united at the focus F, muſt neceſſarily proceed from the 
object to the lens parallel to the axis F C, and therefore 
parallel to each other; conſequently the part of the object 
A B, ſeen by therays D F, E F, cd pd ee 
E r CIT A a6! 8 Tat | 


If only the part dae of the lens be open, then only ſo 
much of the object a. b, as is equal thereto, will be per- 
ceived by the eye. Nom ſince A B is equal to D E, or 
I therefore the angle D F E, or d Fe, is the optic 

E e 2 angle 
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Angle under v hich the part of the objeft & R br u b appears | 


to the eye at F; and ſince G F is but one half FC, there- 
ſote the angle D FE, or d F e, is double to that under 
which the part A B or a b. would appear to the naked eye 
at the diſtance FC: that is, the eye ſees the object, ſituate 
as _— wide as large with the lens as it would do * 
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fro! n biet zelt v 
1 ed woe eee ee eee the 
lens, your eye muſt be placed nearer the lens than its focus. 
Let the Jens be D E, its two foci F and O in: the focus 
C let there be an object A ; larger than the lens; ſuppoſe 
the rays A D, B E, proceed from the extremities of the 
object to thoſe" of the lens, it is evident from the figure 
they will be convergent, and therefore Will by the lens be 
united in a point K, between the lens D E, and its focus F: 
if then the eye be placed at K, it will take inte its view an 
2 1 the lens DE. ö 
et 636773 aut nt rule od E T. 
M let GH bo x portion of in-objeR'A B leſs 
auen dhe en D Ez draw G D, H E, which! will be di- 
verging rays, and thertfore will be united at a point 1, 


ſarther diſtant fra the lens than the ſocus F: hence, it an 


eye be placed farther Hbm- che lens than its fotal-diſtance, 

it can never ſee any object, or part of an ahject, at one view, 
fo large as the lens, but always ſmaller. And univerſally, 
the vilible part of an object will be to the lens, as the focal 
diſtance of the lens, to the 8. ol io ehe. 


Since then iti is evident, the nature 106 2 convex lens is 
fuch as will: render an object diſlinctly yiGhle to the eye, 
at i the diſtance ks its Tatuepthe-reafon why aue are uſed 
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— exceeding plain... FE chedifiance 

AB be 6 inches, where the naked eye B can but juſt per- f's- 3- 
ceive the object A diſtinctly, and let the focal diſtance CD 

of the lens D be half an inch; then ſince C D is but one 
ewelfth of A B, the length of the object at C, will appear 
twelve times as large as at A; if it were a ſurface, it would 

be one hundred and forty-four times as great: and the ſo- 
IN GUNN hun- 
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11 C D, the: fecal dees uf des las D, be but one 
fourth part of an inch, then will that be but one twenty- 
fourth. of A B, equal ſix inches, and ſo the length of 
objects will be magnified twenty - four times; the ſurſaer 
five hundred and ſeventy- ſix times, and the ſolidity thirteen 
thouſand eight hundred and twenty- four times, for thoſe 
nutnbers are the ſquare and cube of: twenty-four. From 
whence it appears, that ſingle glaſs lenſes make very good 
microſcopes, which have theſe advantages, that the object 
appears moſt clear, they lie in little room, may be carried 
about any where, are to be had for a ſmall price, and are 
GA to be uſed, 

.. 


The ford of a very convenient lates wind a. 
AB is a circular piece of Wood, ivory, &c. in the middle 

of which is a ſmall hole, one twentieth of an inch diameter; 
upon this hole is fixed, with a wire, a ſinall lens C, whoſe 
focal diſtance is C D. At that diſtance is a pair of plyers 
DE, which may be adjuſted by means of the ſliding ſcrew 

as in the figure, and opened by means of the two little 
ſtuds aj e; with theſe you take up any-ſmall:objeR O, and 
view it with the eye placed in the other focus of the lens at 

din e e ft 25 nt : 01571; a. eme 0 5 3% F- 
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F. And according to the focal length of thellens, the object 


O will appear more or leſs magnifed, as repreſented at I M, 
If the focal length be half or one fourth of an inch, the 


length, ſurface, and bulk of the object will be magnified 


as before deſcribed, This ſmall inſtrument may be put into 
a caſe, and carried about in the pocket without any in- 
cumbrance. - I. have made trial of various lenſes, and find 
thoſe whoſe, focal lengths are 3-tenths, 4-tenths, and 
5-tenths of an inch, the beſt for common uſ. 


Since the nearer the eye can approach to an object, the 


larger it appears, it is plain a double and equally convex lens 
is far preferable to a plano-convex lens: becauſe if the 


ſphere or convexity be the ſame, the focal length ot the 
former, is but half as long as of the latter: and ſince the 
double convex conſiſts of two ſegments of a ſphere, the 
more an object is to be magnified, the greater muſt the 
convexity be, and therefore the ſmaller the ſphere ; till at 


| laſt the utmoſt degree of magnifying will require that theſe 
ſegments become hemiſpheres, and conſequently the lens 
will be reduced to a perfect ſpherule, or very {mall ſphere. . 


If the radius of the ſpherule be one. &nth of an inch, 
the eye will have diſtin viſion of an object by means 
thereof, at the diſtance of a radius and half, i. e. 3-twen- 
tieths of an inch, which, as it is but the 40th part of ſix 
inches, ſhews that the length of an object will be magnified 
forty times, the ſurface one thouſand {ix hundred times, and 
the ſolidity ſixty- four thouſand times, by ſuch a ſmall ſphere. 


If the radius of a ſpherule be but one twentieth of an 
inch, then will the eye have diſtinct viſion of an object at the 
diſtance of 3- fortieths of an inch, which, as it is but the 
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1 ſhews the length of objects will 
appear eighty times greater, the ſurface fix thouſand four 


hundred times, and the bulk five hundred and twelve 


am times N to bon fra pe on at IS inches 


diſtance, 


an inch, or the radius one fortieth, then will the eye ap- 
proach the object ſo near as 3-80th part of an inch, which is 
but the 10th part of ſix inches; and therefore the length of 
objects will be magnified one hundred and ſixty times, the 
ſurface twenty-five thouſand fix hundred times, and the ſo- 
 lidity four million and ninety-ſix thouſand times by this 

ſpherule; which is ſo great a power of magnifying, as ſur- 
mou * r . p n N ban 
| GEE MG — ee to be 
| placedin one ſocus, and the eye in the other; and ſince the 
ſocus is ſo exceeding near the glaſs; it is impoſſible to view 
any but pellucid bodies: for if any opake object were to be 
applied, the eye being as it were juſt on the ſpherule, would 


entirely prevent any light oem $1 on it, and it word be too | 
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"It Vas with theſe "ſort of Al lchge chat the Ast 


Dutch philoſopher Mr. Leeuwenhitt' tnade ſuch wonderful 


diſcoveries ;. and i it muſt be with theſe, if with any, that 
the corpulcles q or atoms, of which bodies conſiſt, are to te 
diſcovered; which the great Str Iſaac Newton thought was 
poſſible. But the great difficulty of making, very ſmall, and 
at the ſame time, very good ones ; ; their prejudice to the 
eyes in poring very hard and near ; the trouble of placing 


#djes at a due diſtance and the very ſmall part which 


can 
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cu be ſeen of ary, make thi en 8 very a 
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10 3 the inconvenience of having 
the dark-fide of an-obje next the eye, 'whichrhas hitherto 
been ary ynſurmountable obſtruction to the making obſerva- 
tions on opal objects vit he au cunſiderable deꝝree of exact- 
neſs. or ſatisſaction: ſor in all other contrivaners commonly 
known. che nearneſs of the inſtrument to tde object (when 
glaiſes that ntagtmiſy much ave uſed) unatoidably over - 
thadows-it fo much, 28 to. render its appearinch.obſcure and 


undiſtinct. And notwithſtanding; ways have been tried 
to point light upon an object, from the ſun, or a candle, by 


a convex glaſs placed on the ſida thereoſ che rays from either 


can. he thrown upon it. in ſuch an agute angle only, that 


hey ſerve to give a cquifarſed glare, hut are enen, | 


enen. oo e OM 
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| Bot in this new 'mictolegpe,, by, means of.a concave 
ſpeculum of ſilver highly poliſhed, in Whoſe center a mag- 


nifying lens is placed, ſo direct enge d, is reflected 


upon the object, that a de examined, wi rich all ima- 
a givadle « eaſe and pleaſure... ' 


: : "4 1 1 " * 
"107 Tl. 12 7! So — 


üs apparatus 'for this PEP has afforded n me = 
delight and ſatisſaction than I ani able to deſerdde; and ; 
whoever tries it, will, I belieye, join in my opinion, that 


he never faw an opake odject with ſo moch clearneſs, and 
in ſo perſect wats oh a' manner, | 


— 
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The ſeveral parts of this commonly _— of 
brad,” are as follows: Si 


Through ax frft gde K. paſſes a fine ſcrew B, Wien | 
other end whereof 4 $ faſtened to the moveable ſide C. ö o 


Di is a nut t adapted to the ſaid ow by the turning of 
which the two hides AC are gradually brought together. 


bY a ſpring of ſteel, that ſeparates the ſaid two, ſides 
when the nut is unſcrewed, | | | 


Fa piece of = turning round i in a ſocket, whence 
proceeds, a ſmall. ſpring tube. moving upon a rivet, through 
which tube there runs a ſteel wire, one end whereof ter- 
minates in a ſharp paint G, and the other hath a pair of 
plyers H faſtened to it, The point and plyers are to thruſt 
into or to take up and hold any inſe& or ob ject: and either 

of them 2 be turned A. as nie your purpoſe 
beſt, ; 


1 as of ah 1 foal Gray pile 
mounted on an upright piece of the ſamg metal, which 
turns round on a rivet, that it may be ſet at a due diſſ 

when the leaſt magnifiers are employed. FR Fg: mere 
the ſcrews of all the maguifiers, 


P a handle turned of wood, to forew into the 29 
hen it js made uſe of. | 
K a concave 8 of flver, © 0 as beight-: as 


8. 
oſile, in de centex of which a.double cant len "rs — 
Fi 1. placed, 


Tig. 11. 


Pig. 12. 


Fig. 13. 


Fig. 7. 


with the magnifier you would think beſt to uſe, into the 
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placed, with a proper aperture to look through it. On 


the back of this ſpeculum a male ſcrew L is made to fit 
the braſs ring I, to ſcrew into the ſaid ring at pleaſure, 


There are four of theſe concave ſpecula, of different 


. magnifying powers, to be uſed as objects to be examined 


may require. The greateſt magnifiers ſoul always have 
the leaſt apertures, 


ee ee e e Ga Sd as aber 
black, intended to render objects the more viſible, by pla- 
cing them, if black, on the white, and if white on the 
black ſide. . A ſteel ſpring N, turns down on each ſide to 


make any object faſt : and iſſuing'from the object plate is a 
hollow pipe to ſcrew it on the needle's point G. 


O is a fimall box of braſs, with a- glaſs on esch fide, 


bf contrived to confine any living object, in order to examine 


it: this alſo has a pipe to ſcrew upon the end of the needle 
G. g | 


Q a pair of braſs plyers, to take up any object, or 
manage it with conveniency. 


Ra ſoft hair bruſh, to clean the glaſſes or ſpecula, or 
apply a drop of any liquid to the iſinglaſs of the box O, in 
order to view the animalcules, 


S a ſmall ivory box ſor the talcs, to £12006 S008 
wanted in the ſmall braſs box O. 


When you would view any object, ſcrew the ſpeculum, 
braſs 


IM, 


rals 
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braſs ring I. Place your object either on the needle G, 
in the plyers H, on the object- plate M, or in the braſs 
hollow box O, as may be moſt convenient, according to 
the nature and condition of it: then holding up your in- 


ſtrument by the Handle P, look againſt the light, through 


the magnifying lens, and by means of the nut D, together 


with the motion of the needle, by managing its lower end, 
the object may be turned about, raiſed, or depreſſed, brought 
nearer the glaſs, or put farther from it, till you hit the true 
focal diſtance, and the light be ſeen reflected from the ſpe- 
culum ſtrongly upon the object: by which means, it will 
be ſhewn in a manner ſurprizingly diſtin& and clear. And 
for this purpoſe, the light *. or of a candle, will 
anſwer to your ſatisfaction, 


This microſcope i is velncipally intended for opake objects, 
but tranſparent ones may alſo be viewed by it: obſerving 
only, that when ſuch-come under examination, it will not 


always be proper to throw on them the light reflected from 
the ſpeculum: for the light tranſmitted through them 


meeting the reflected light, may, together, produce too 


great a glare. A little practice will teach how to regulate . 


both theſe lights to good advantage. 


There is reaſon to expeRt great diſcoveries may be made 1 


by the apparatus above deſcribed, as opake objects are a 


large field, but little hitherto examined, by reaſon of the 
great a in doing it. | 


Plate 
XIV 
Fig. 1. 


AN INTRODUCTION TO 


THE body is inde either of bas ivory, or ſilver, as 


Eve AABB. 


CC 20 herz fn hend male ka. that turns into 


the dody of the e. 


b. comex hut a le en ofthe hu ere 


1. Toe concave ie dase of thin braſs, ws holes 
of different diameters in the middle of them, to cover the 
ſaid glaſs, and thereby diminiſh the aperture when the 


greateſt e are ettiployed. | 


EE three thin plates of braſs within Ge bayer the 


microſcope, one whereof is betit ſemmicircularly in the middle, 
fo: as to form an arched cavity for the reception of a tube of 
glaſs, whereas the two flat plates we RS and holdthe 
Niders between them. | 


F a 86 arched in the manner of the 
Yahoo plate, and cemented thereto, ae 


8 Fa Uther end of the body wh tas cope, where 2 
hollow female ſcrew is adapted to receive the different mag- 
nifiers. 


' H a ſpiral ſpring of ſteel, between the ſaid end C and the 
_—_ 


0 


= 
+ 
LY 


=. 
*- 
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Plates of braſs; intended to keep the plates in a right poſi- 
tion, e F n and. 6 $.; 


(Ta ſmall turn'd handle; for the better holding ofthe in 
ſtrument,toſerew 9 ” 


To this mifſeope delong ſeven different magnifying 
gliſes : : fix'of them are ſet in ſilver, brafs, or ivory, as in 
K, and marked r, 2, 3, 4, 5, 6, the loweſt numbers Fig. . 
N 


LL is che feventh . ſet in the manner of a little pig. 3. 
barrel, to be held in the hand for MO e e 
object. | 


The figure may be of ſurther uſe, by applying a thin cap, pig, 4, 
with a hole in it, à quarter of an inch ſquare, exact in the 
focus of the lens; by which :neans, when a piece of lin 
cloth is applied upon the - braſs, and viewed through the 
other end, the threads will appear greatly magnified, ſo that 
_ they may be counted, and * of the cloth 
W ornoecies. 


M is a flat flip 6f ivory, called a ſlider, with four round rig. 5. 
holes through it, wherein to place objects between two 
glaſſes or pieces of Maſtovy talc, as they appear d d d d. 


Eight fuch ivbrydliders, and one of braſs, are uſually ſold 
with this micraſcbpe,z:ſome with objects placed in them, 
und others empty, fur viewing any thing that may offer: 
but whoe ver pleaſeb to make a _ collection of objects, 
= n 


The 
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Fig. 6. 


Fig, 7. 


Fig. 1. 
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Tae braſs flider is to confine any ſmall object, that it 
may be viewed without cruſhing or deſtroying it. 


N is a forceps or pair of plyers, for the taking up inſe®) 
or other ee, and adjuſting them to the glaſſes. 


O is alittle hair-bruſh, or pencil, wherewith to wipe 
any duſt from off the glaſſes, or to take up any ſmall drop 
of liquid one would examine, and put it upon the talcs or 
iſinglaſs. | | 


P is a tube of glaſs, contrived to confine living objeQs, 


fuch as frogs, fiſhes, &c. in order to diſcover the blood, as 


it ſtreams along the veins and arteries. - 


All theſe particulars are otic in a little neat "han 
very convenient for EE" in & os PO 11 1 


When an object i is to be viewed, thruſt the ivory Nicer, 
in which the ſaid object is placed, between the two flat 
braſs plates EE: obſerving always to put that ſide of the 
ſlider where the braſs rings are, fartheſt from your eye, 
Then ſcrew on the magnifying glaſs you intend to uſe, at 
the end of the,inſtrument G; and looking through it a- 


gainſt the light, turn the long ſcrew C C, till your object 


be brought to fit your eye; which you will know by its ap- 
pearing then perfectly diſtin and clear. *Tis beſt to look 
at it firſt, through a magnifier that can ſhew the whole 
thereof at once, and afterwards to inſpect the ſeveral parts 
more particularly with one of the greateſt magnifiers: for 


thus you will gain a true idea of the whole, and of all its 


parts. And though the greateſt magnifiers can ſhew | 
| | but 


* 
33 — erg 1 8 
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but a minute portion of any object at once, ſuch as the 
claw of a flea, the horn of a louſe, or the like: yet by 
"gently moving the ſlider that contains your object, the eye 
will gradually overlook it all; and if any part ſhould be 


- out RNS, the ſcrew CC will eaſily bring it to the 
true _ : 


+ Ba 


As objeAs — be W very near the glaſtes when 
the greateſt magnifiers are uſed, be particularly careful not 
toTeratch them as you move it in or out. A few turns of 
the ſcrew C C will eaſily prevent this miſchief, by giving 
Wer room enough. 


| You may change the objects in your ſliders, for what 
others you think proper, by taking out the braſs ring with. 
the point of a penknife ; the talc will then fall out, if you 
but turn the ſliders; and after putting what you pleaſe be- 
tween them, by replacing the braſs rings, you will faſten 
them as they were before. *Tis proper to have ſome ſliders 
furniſhed with talcs, but without any objects between 
them, to be always in readineſs for the examination of 
fluids, ſalts, ſands, powders, the Farina of flowers, or any 
other caſual objects of ſuch ſort as need only be applied to 
the outſide of the talc. 


The circulation of the blood may eaſieſt be ſeen in the 
tails and fins of fiſhes, in the fine membranes between a 
frog's toes, or beſt of all, in the tail of a water-newt. If 
your object be a ſmall fiſh, place it within the tube, and 
ſpread its tail or fin againſt the ſide thereof : if a frog, chuſe 
ſuch an one as can but juſt be got into your tube, and with 
- A pen or ſtick expand the tranſparent membrane between 
| the 
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the toes of the frog's hand foot as wide as you. are able. 
When your object is. ſo adjuſted, that, no part thereof can 


intercept the light from the place you intend to view, un- 


ſerew the long ſcrew C C, and thruſt your tube into the 


8 arched cavity, quite through the body of the microſcope ; 


Fig. 3. 


then ſcrew it to the true focal diſtance, and you will ſeg the 
blood paſling along its veſſels with a "ge aden. and in 


a moſt ſurpriſing n. ; 


8 of the third or fourth magnißier for frogs or 
fiſhes ; but for the tails of water-newts, the fifth, or ſixth 
will do; becauſe the globules of their -blagd are twice as 
large as thoſe of frogs or fiſh, The firſt or ſecond magni- 


her cannot well be employed to this purpoſe ; far the thick- 


neſs of the tube wherein the object lies, will ſcarce admit 


its heing Wee ae 0608" 


*. 


1 Packet Microſcope, with a Reſtcſag Speculim, © 


A is a ſcroll of braſs, fixed upright on a round pedeſt 
of wood B, ſo as to ſtand perfectly firm and ſteady. W 4 


C is a braſs ſcrew, that paſſes through a hole in the up- 


per limb of the ſcroll, into the ſide of the Microſcope D, 
and ſcrews i it faſt to the faid ſcroll. ; 


E a concave looking-glaſs or 1 ſet in a box of 
braſs, which hangs in the arch G, by two ſmall {crews ff, 


an. into the oppoine ſides thereof, 


.: ” 


A 
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At the bottom of the ſaid arch is a pin of the ſame metal, 
exactly fitted to a hole hi in the wooden ae made 
for the reception of the ſaid pin. 


As the arch turns on this pin; 4 the ſpeculum turns on 


the ends of the arch, it may, by this two- fold motion, be 
eaſily adjuſted, in ſuch a manner, as to reflect the light of 
the ſky, the ſun; or a candle, directly upwards, through 
the mictoſcope that is fixed perpendicularly over it; and 
by ſo doing, may be made to anſwer almoſt all the ends 
of the large double reflecting microſcope. 


The body of the microſcope may alſo be fixed horizontally, 
and objects may be viewed in that poſition, by any light 


you chooſe; which is an advantage the OY microl- 


cope has not. 


It may fo be rendered farthet uſeful, by means of a flip 
of glaſs, one end of which being thruſt between the plates 
where the ſliders go, and the other extending to ſome diſ- 


tance, ſuch objects may be placed thereon, as cannot be 
applied to the ſliders: arid then, having a limb of braſs that 


may be faſtened to the body of the microſcope; and extend 


over the projecting glaſs a hollow ring, wherein to ſcrew 
the magnifiers, all ſorts of ſubje&s may be examined with 
great conveniency, if a hole be made in the pedeſtal, to 
place the ſpeculum exactly underneath; and n throw 
up ab rays o nem as in ws next TR ; 


The pocket 3 thus fixed, is, if I may preſume 
to judge, as eaſy and pleaſant in its uſe, and as fit for the 


moſt curious examination of the animalcules and ſalts in 
. fluids | 
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- fluids, of the fatinz in, vegetables, of the circulation in 


ſmall creatures: in ſhort, it is likely to make conſider- 


able diſcoveries in objects that have ſome, degree of tranſ- 


parency, as any microſcopes I have ever ſeen or heard of. 


— Micraſcepo as 6 Feet or- Stand. 


THE fingle microſcopes hitherto deſcribed, have been 
contrived in many different forms, which on ſome occaſions 
are very neceſſary and convenient. I have here given the 
form or ſtructure of one which I think, in ſome Caſes, 
WE to any I have ſeen. 


This is e eie of the inſtrument in wack AB 
is the baſis or foot. 


CDI is the ſtem, of which the lower part C is in the 
form of à pillar; and the upper part D has four plain 


ſides. 


E, E, are two ſquare ſockets of braſs, moveable up and 
down together upon the ſquare part of the ftem, being con- 
nected by a common fcrew ; but this motion is checked by 


the conſtant preſſure of a ſpring. 


G is a ſcrew. by which the part E is fixed to the ſtem. 


H is an adjuſting ſcrew, by which the part F is gradually 
moved up and down; and thereby K L, the ſtage on which 
the objects are placed, has MN the ider, with its objects 
duly W to the „ | 


Lis 


S os ac. wot Co 


E 
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Lis a joint by which the ſtage is capable of an horizontai 
motion, to ſhew any part of the object without moving the 
ſlider. 9 : ; ; 


OP is a circular piece of braſs conſiſting of two plates, 
between which are placed fix ſmall lenſes or raagnifiers in a 
circle near the extreme part, and is moveable on a ſcrew 
in its center, which goes into 1'Q a piece of braſs fixed 
very firmly on the top of the ſtem ; upon this is Qa circular 
piece of braſs ſoldered on, with a hole in the center, under 
which the circle of glaſſes below paſſes, and, conſequently, 
any one of the lenſes being brought to the center of this hole, 
will be exactly over the center of the hole in the ſtage, and 
ſhew the objects when adjuſted to the focus of the ſaid 


Ris the ſpeculum that refleQs the light through the mi- 


0 
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This is an optical inſtrument that may be properly call- . 


ed a megalaſcope for the hand; becauſe. it is adapted for 
viewing all the larger ſort of ſmall objects, ſuch as inſects, 
flowers, minerals, linen, &c. to a very great advantage ; as 
with three glaſſes only it has ſeven different magnifying 
. | 


AB is the caſe of braſs, ſilver, &c. 


D, E, F, three ſeveral lenſes with difterent magnifying 
powers, which are all contained in the ſaid caſe, and turned 


gut at pleaſure. | 
| G g 2 H the 


Fig. 11. 
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The three glaſſes ſi ingly, afford three magnifying powers; ; 
and by combining two and two, we make three more ; for 


D with E makes ane, D with F another, and E with Fa 


third; which with the three ſingly make fix ; and laſtly, all 
three combing together make another, ſo that upon the 


whole, there are ſeven Powers of magnifying with three 


glaſſes only, . 


- 


* 2 or compound anne, 


The Jouble or ks microſcope, conſilts of an ob. 
ject glaſs c d, and an eye glaſs e f. The ſmall object a b 
is placed at a little greater diſtance from the glaſs c d than its 


principal focus, ſo that the pencils of rays flowing from the 


different points of the object, and paſſing through the glaſs 
may be made to converge and unite in as many points be- 
tween g and h, where the image of the obje& will be 


formed: which image is viewed by the eye through the 


eye-glaſs; e f. For the eye-glaſs being ſo placed, that the 
image g h may be in its focus, and the eye much about the 
ſame diſtanes on the other ſide, the rays of each pencil 
will be parallel, after going out of the eye-glaſs, as at e and f, 


till they come to the eye at k, where they will begin to 


converge by the refractive power of the humours 3 ; and after 
having eroſſed each other in the pupil, and paſſed through 
the chryſtalline and vitreous humours, they will be collected 


Th into points on the retina, and form the large inverted 1 image 


A Bthercon, +444 (lp bs 


: 
. „„ 
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The; magnifying power of this microſcope is as follows : 
ſuppoſe the image g h to be ſix times the diſtance of the ob- 
jet ab from he object glaſs cdꝭ then will the jmagebeſix times 
the length of the object: but ſince the image could not be ſeen 
diſtinctly by the bare eye at a leſs diſtance than ſix inches, if it be 
viewed by an eye-glals e f, of one inch focus, it will there- 
by be brought ſix times nearer the gyez and conſequently 
viewed under an angle ſix times as large as before; ſo that 
it will be again magnified ſix times; that is, ſix times by 

_ the objeQ-glaſy,, and ſix times by the eye-glaſs, which mul- 
tiplied into one another, makes thirty-ſix times; and ſo 
much is the object magnified in diameter more than what it 
appears to the bare- eye; and conſequently thirty-ſix times 
thirty-ſix, or one thouſand two hundred and 2 -lix 
times in Arten. 

But wer, — extent or field of view is very ſmall in this 
microſcope, there are generally two eye; glaſſes placed 
ſometimes cloſe together, and ſometimes an inch aſunder; 
by which means, although the object appears leſs magnificd, 
yet the viſible area is much enlarged by the interpoſition of 
à ſecond 2 ann much n 
View is obtainęgd. 2 0 


The Derm nd Uo . 


hoe form of a compand microſtop for the pocket | 
13. 

A Qis the body or internal part which is moveable up 

ind down in C D an external caſe of wood, braſs or ſilver, 


Ty 17 
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. Foe An pliers which appar the inſtrument. 


F a pie fixed bann o the lg uſoally called 


Nee 


8 a licke av the este part, in whith Waſh, bene 
e ee eg e 


viewed. | 


H an illuminating or racing fecal 
I the. foot of the inſtrumont. 


e aaa 


13 


Qa braſs button or caſe to hold the auer. | 


In this compound i there are Wee 
{ſometimes four) glaſſes employed to produce the effect, viz, 
1. the magnifying lens at Q which makes a large image in 
the upper part of the ſmall object below, 2. A large lens 
at B, called the body glaſs, -which is the cauſe of a larger 
field of view. 3. An eye glaſs at A, by which we view 
the enlarged image of the _ in jts focus, 


The Method of computing the 3 Power 4 ack and 


_ double Microſcopes. 


THE magnifying power in all-optical {nfleuments de- 


pends upon this one principle, that every object is appa- 
ently greater or leſs in proportion, as it is nearer to, or 


farther 


— 1 8 o— 
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farther from the eye; becauſe the nearer it is, the larger is 
the viſual angle under which it appears, & wice verſa. 


| But the eye is ſo formed as to admit of diſtind viſion by 


ſuch rays only as are nearly parallel ; and therefore every; 


object muſt be removed to ſuch a diſtance from the eye 
that the rays of light iſſuing from every point thereof, may 


as any one may find by trial. | . 


Now, fince a convex glaſs convenes parallel rays to a point 


or focus; therefore, on the contrary, if an object be placed 
in the focus of ſuch a lens, the rays proceeding from each 
point: will be refracted parallel to the eye, and thereby pro- 


. ER 


Hence then it follows, that if a b be a. very ſmall object 
in the focus of the glaſs c, whoſe focal diſtance is one inch, 
the eye applied to the lens C will have the diſtin& viſion 
thereof; and this being at a diſtance ſx, ſeven, or eight 
times nearer than the eye alone could clearly fee it, it muſt 


appear ſo. many times larger than to tha naked eye; and 
therefore we properly ſay, it is magnified. to ſuch eyes, ſix, 


ſeven, or eight times in length and breadth. 


But all ſurfaces are magnified in proportion to the 
ſquares of their lengths or ſides ; therefore the ſurfaces of 
objects are magnified thirty-ſix, forty-nine, or ſixty-four 
umes by ** one inch focal diſtance. 


Alſo the bulk or magnitude of the whole body, will be 
| magnified 


fall upon the eye with ſmall divergency, or nearly. parallel, 
which diſtance is in different eyes , inches, 


Fig. 14. 


AN INTRODUCTION 10 


; magnißed in proportion to the cubes of the ſides or length; | 


and therefore all ſolid bodies will, by ſuch a lens, be mag- 
nified two hundred and ſixteen, three hundred and forty- 
three, or five hundred and ee times, to ſuch eyes re- 


hr N 


If the lens C were but of half an inch focal diſtance, the 
lengths of objects would be magnified twice as much; the 
ſurfaces four times, and the GD or 1 eight times 
as much as before. 


It the focal diſtance of the lens C be a quarter of an inch, 
then the lengths are magnified four times as much, viz. 
twenty-four, twenty-eight, or thirty-two times; the ſur- 
faces ſixteen times as much, or 576 times more than to 
the naked eye at ſix inches diſtance; and ſolid bodies are 
magnified ſixty- four times more than OY the lens of a whole 


inch focal diſtance: 


Once more; Wk the lens ſo ſmall that its focal dif- 
tance is but 1-tenth of an inch, then the length of an ob- 
je& is magnified ſixty, ſeventy, or eighty times; the ſur- 
face 3600, 4900, or 6400 times, and the ſolidity or whole 
bulk 216000, 343000, or 512000 times, or ſo much larger 


do the bodies of mites, or their eggs, appear than to the 
naked eye at fix, ſeven, or eight inches diſtance. 


After the ſame manner you may compute the magnifying 
power of lenſes of 1-twentieth, 1-thirtieth, 1-fortieth, and 
even 1-fiftieth part of an inch focal diſtance; 'which may 
be made if required ; but they are with difficulty uſed. By 
4 bens 1-fiftieth of an inch, the length is magnified 300 

| times; 
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times; and the ſurface gooo0 times; and the ſolidity 
27000009 up 1 


8 . 


But theſe enormous powers of *magnifying. are, 1 5 
better effected in compound microſcopes, and be that in what. 


degree you pleaſe, it is thus eaſlly-eſtimated. Let C be the. 


object lens in the cell Q,, Fig. 13, of the compound mi- 
croſcope, if then a ſmall objeR, a b, be placed on the ſtage 


at G, a little more than the focal diſtance, there will be 
formed by the ſaid lens C, a large image ST, in the up- 
per part of the microſcope, and this image is viewed — 


the glaſs G N in its focus below at O. : 

' Now it E that the image S T is as 
much larger than the object a b, as the diſtance C A, exceeds 
the diſtance Ca from the lens. Suppoſe the image S T, fix 


times larger than the object a b, then if it be viewed by.a lens 


ws Profs 


GH of one inch focal diſtance, the image S T will appear 


magnified ſix times at leaſt, and therefore the object a b, 
will be magnified fix times ſix, or 36 times in length; and 


36 times 36, or 1296 times in ſurface ; and 36 times 1296, 


or 46656 times! in the bulk or ſolidity. And yet with theſe 
great powers of magnifying, the lens C may not be of leſs 


than half an inch focal diſtance, in the. leaſt, 222 of ca- 
pound pocket microſcopes. ge oo 


1 1 * 1 IO 
* L- N eee, 2 1 * 


But with @ ſingle eye-g laſs G H, we have too ſmall 35 
field of view; therefore we uſe two, viz, A B and D Ez the 


firſt contracts the image S T, into another, I M, which 


is leſs, and this is viewed by the eye glaſs D E. Now both. 


theſe glaſſes may | bave a magnifying power equal to that of 5 


a given ſingle glaſs G H by this rule; let their diſtance be 
equal to the difference of, their 'focal lengths, and their 


Hh magnifying 


23 


Fig. 13. 
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magnifying power will be equal to that of a lens whoſe focal 
diſtance is half that of the greater AB. 


| For example, ſuppoſe the focal length of A B to be two 

inches 1-half, and that of D E one inch; then if their dif- 

| tance be one inch 1-half, their joint magnifying power will 
be equal to that of a ſingle lens G H, whoſe focal diſtance 
is one 1-4th, equal half that of A B. By the two eye- 

' glaſſes the rays are converged to the eye at the compound 
focus F, much leſs affected by the errors ariſing from the 
aberration of rays, both from their fe eng, 
and the * of the ee g 


. Sola or Canis Bier d e. 
M eso ” "1 ret . 

"THIS microſcope depends on che Gig: His, and muſt 
be made uſe of in a darkened chamber, as its name im- 
plies. . rig 


MO 74 tit boni, +' & 


It i is 2 of a FO 4 9 5 | glaſs, a cba lens, 


111 e: 


and Willon' $ fingle | pocket eat Veto deſcrib d, 


The ſun's 2 dicetied by the . als 8 0 
the tube upon the object, the image or picture of the object 
is 5 thrown, diſtinctiy and, beautifully, upon a ſcreen of white 
paper, ofa, white linen' heet, plactd at ſome diſtance to re- 
ceive the ſame; and i may be magnified, to a ſize beyond 
the ĩmagination of thoſe who have not ſeen i it: for the far- 
ther off the ſcreen is removed, the larger will the object ap- 
pear; ; infomuch, that a louſe may be magnified to the 


lengih of es}; or lx feet, or even 2 great deal more : = 
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t is indeed more diſind when not enlrged e abor 
Vl un as. 


The pom for this purpoſe, as repreſented in the Plate XV, 


plate annexed, is as follows; 


A, a ſquare wooden frame, through which two long Fig. 1. 


ſcrews pats, and, aſſiſted by a couple of nuts 1. 1. faſten jt 
firmly to a window-ſhutter, wherein a hole is made for its 
reception; the e let into the ſhutter, and made 
faſt thereto. | 


A u ole. is made in the middle of this frame, to 
receiye a piece of wood of a circular figure B, whoſe edge, 
that projects a little beyond the frame, compoſes a ſhallow r 
groove 2, wherein runs a cat · gut 3; which by twiſting 
round, and then croſſing over a braſs pulley 4, (the handle 
whereof 5, paſles through the frame) affords an eaſy mo- 
tion for turning round the circular piece of wood * with 
all the parts thereto affixed, » | 


s a braſs tube A with \ feal-tkin, which ſcrewing 
into the middle of the circular piece of wood, becomes a 
caſe for the uncovered braſs tube D, to be drawn backwards 


or forwards i . 


8 a ſmaller tube of ie one inch in i length, reel 
9 the end ofthe larger we D. | 


FE; is 3 ſhort braſs tube, db to dude over the 
above-deſcribed tube E. To the end hereof the microſcope 
mult be ſcrewed when we come to uſe it. 


H h 2 10 5, A 


LEY 
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5, A convex lens, whoſe focus is about twelve inches, 
deſigned to collect the ſun's rays, and throw them more 
* upon the N 


G, a looking: glaſs of an nn figure, ſet in a wooden 
frame, faſtened by hinges to the circular piece of wood B, 


and turning about therewith, o means of the above-men- | 


tioned 109-47 


H, a jointed wire, partly braſs and partly iron: the braſs 
part whereof, which is flat 6, being faſtened to the looking- 
glaſs, and the iron part, which is round 7, paſſing through 
the wooden frame, enable the obſerver (by putting it back- 


wards or forwards) to elevate or decline the glaſs 24 8 


to the ſun's altitude. . 


T, A braſs ring at the end of the Jointed wich whereby 


to manage it \ hoe greater caſe, | 


N. B. The 8 of the cat- gut are faſtened to a 
braſs pin, by turning of which it may be braced up, if at any 


time it becomes t too ſlack. This pin hing behind could 


not os: ſhown i in the er 


When this microſcope is employed, the room muſt be 


rendered as dark as poſſible: for on the darkneſs of the 


room, and the brightneſs of the ſun- nine, depend the 
ſharpneſs and perſection of your image. Then putting the 
looking-glaſs G through the hole in your window-ſhutter, 


faſten the ſquare frame A to the ſaid ſhutter by its two 


een and nuts, I. I. 


This 
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This done, adjuſt your looking-glaſs to the elevation and 
ſituation of the ſun, by means of the jointed wire H, toge- 
ther with the cat-gut and pulley 3. 4. For the firſt of theſe 
raiſing or lowering the glaſs, and the other reclining it to 
either ſide, there reſults a twofold motion, which may eaſily 
be ſo managed as to bring the glaſs to a right poſition, ' 
that is, to make it reflect the ſun's rays directly through 
the lens 5, upon the paper —_ and m_—_ thereon a ſpot 
of a ch _— round, 


Though obtaining a | perſet circular ſpot of light w upon 
the ſcreen before you apply the microſcope, is a certain 
proof that your looking-glaſs is adjuſted right, yet that 
proof muſt not always be expected: for the ſun is ſo low in 
winter, that if it ſhines in a direct line againſt the window, 
it cannot then afford a ſpot of light exactly round. But if 
is be on either ſide of you, a round ſpot may be obtained 
even in December. | 


As ſqon as this appears, ſcrew the tube C into the braſs 
collar provided for it in the middle of your wood-work, 
taking care not to alter your looking-glaſs ; then ſcrewing 
the magnifier you chuſe to employ to the end of your mi- 
croſcope, in the uſual manner, take away the lens at the 
other end thereof, and place a ſlider, containing the object 
to be examined, between the thin braſs plates, as in the 
other ways of uſing the microſcope. 

Things being, thus prepared, ſcrew the body of your mi- 
!croſcope to the ſhort braſs tube E, which flip over the ſmall 
end E of the tube D, and pull out the faid tube D leſs or 
more, as your object is capable of enduring the ſun's heat. 
Pead objects may be brought within about an inch of the 

| focus 


* 
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5, A convex lens; whofe focus is about twelve inches, 
deſigned to collect the ſun's rays, and throw them more 
8 ve the age 


G, „eib chief en iii e tn wooden 
frame, faſtened by hinges to the circular piece of wood B, 


and turning about therewith, by means of he above-men- | 


tioned N 


H, a jointed wire, partly braſs and partly iron: the braſs 
part whereof, which is flat 6, being faſtened to the looking- 
glaſs, and the iron part, which 1s round 7, paſſing through 
the wooden frame, enable the obſerver (by putting it back- 


"wards or forwards) duos rt 17-961 


T, A braſs ring at the end of the jointed wite whereby 


to roms it de won greater cafe, | 


N. B. The 3 of the cat- gut are faſtened to a 
braſs pin, by turning of which it may be braced up, if at any 


time it becomes too flack. This pin hing n could 
not . ſhown i in the ace 


When this microſcope is e the room muſt be 


rendered as dark as poſſible: for en the darkneſs of the 
room, and the brightneſs of the ſun- ſhine, depend the 


ſharpneſs and perſection of your image. Then putting the 
looking-glaſs G through the hole in your window-ſhutter, 


faſten the ſquare frame A to ay faid ſhutter by its two 
1 Ni | 


This 
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- This done, adjuſt your looking - glaſs to the elevation and 


ſituation of the ſun, by means of the jointed wire H, toge- 
ther with the cat-gut and pulley 3. 4. For the firſt of theſe 
raiſing or lowering the glaſs, and the other reclining it to 
either ſide, there reſults a twofold motion, which may eaſily 


be fo managed as to bring the glaſs to a right poſition, * 


that is, to make- it reflect the ſun's rays directly through 
the lens 5, I FOR . r 3 
of light n rounds 


Though obtaining a — circular ſoot of light uy upon 
the ſcreen before you apply the microſcope, is a certain 
proof that your looking-glaſs is adjuſted right, yet that 


proof muſt not always be expected: for the ſun is ſo low in 


winter, that if it ſhines in a direct line againſt the window, 
it cannot then afford a ſpot of light exactly round. But if 


it be on either ſide of you, a round ſpot way be abtginal 


even in mn 


| As ſoon a this appears, ſcrew the tube C into the braſs 
collar provided for it in the middle of your wood-work, 
taking care not to alter your looking-glaſs ; then ſcrewing 
the magnifier you chuſe to employ to the end of your mi- 
croſcope, in the uſual manner, take away the lens at the 
other end thereof, and place a ſlider, containing the object 
to be examined, between the thin brals plates, as in the 
oy mays of uſing ” gc. ti 
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! croſcope to the ſhort braſs tube F, which flip over the ſmall 
end E of the tube D, and pull out the ſaid tube D leſs or 
more, as your object is capable of enguring the ſun's heat. 
Pead objects may be brought within about an inch of the 
| focus 


». 


37 


| 
| 
| 


AN INTRODUCTION. TO 


- Focus of the convex lens 5; but the diſtance mult be ſhort- 
_ ened for living creatures, or they will ſoon be killed. 


II the light falls not exactly right, you may eaſily, by 3 
gentle motian of the jointed wire and pulley, direct it through 
the axis of the microſcopic lens. 


The ſhort; tube F, which your microſcope is ſcrewed to, 
enables you, by fliding it backwards or forwards on the 
other tube E, to bring your objects to their true focal dil. 
tance ; Which will be known by the ſhatpaeſs and clear. 
neſs of their appearance; they may alſo be turned round by 


the ſame means, without. beg in the leaſt diſordered. 


The . moſt pſeful in the ſolar microſcope ares 
in general, the fourth, fifth, or ſixth, 


Mention having been often made of a ſcreen to throw the 
images of objects on, it is proper to inform the reader, that 


ſuch a ſcreen is uſually compoſed of a ſheet of the largeſt 


elephant paper, ſtrained on a frame, which flides up, or 
down, or turns about at pleaſure on a round wooden pillar, 
in the manner of ſome fire-ſcreens. Larger ſcreens are 
likewiſe made ſometimes, with ſeveral ſheets of the ſame. 


paper paſted together on cloth, and let down from the. 
_ cicling with a roller, like a large map. 2 


This microſcope is the moſt entertaining of any; and, 
perhaps, the moſt capable of making diſcoveries in objects 
that are not too opake; as it ſhews them much larger than 
can he dont any ether way. There are alfo ſeveral con- 
vcniencies attending it, which no other microſcope can 

| | have 
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have: för the weakeſt eyes may uſe it without the leaſt 
ſtraining or fatigue : numbers of people may view any ob- 
ject, together, at the ſame time, and, by pointing to the 
particular parts thereof, and diſcourſing on what lies before 
them, may be able better to underſtand one another, and 
more likely to find out the truth, than when, in other mi- 
croſcopes, they muſt peep one after another, and perhaps 
ſee the object neither in the ſame light, nor the fame 
poſition. Such too as have no ſkill in drawing, may, 
by this contrivance, eaſily ſketch out the exact figure 
of any objeQ, they have a mind to preſerve a figure of; 
ſince they need only faſten a paper upon, the ſcreen, and 
trace it out thereon either with 2 pen or pencil, as it ap- 
ere colutnalges dati d 0 

It is worth their while, who are, deſirous to take many 
draughts in this way, to get a frame, wherein a ſheet of 
paper may, be put in or taken out at pleaſure ;, for if the 
paper be ſingle, the image of an object will be ſeen as 
plainly/almoſt on the back as ori. the other fide, and by 
ſtanding behind the ſcreen, the ſhade. of. the hand will not 
obſtruct Del 28 it mlt in fee $2 


N eee it. 


: 


51 5 8 FT Og that Dr. Lietha ſolar en 
had no looking-glaſs belonging to it, and therefore, was of 
uſe a few hours only in a day, When the tube, could be 
placed directly againſt the body of the ſun, and even then 
not without a god deal of trouble; but by this lucky con- 
trivance of a looking - glaſs, the ſun's rays may be reflected 
* the tube, n its W or ſituation be, pro- 
| vided 
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- vided it ſhines at all upon the window, n teo . 


much eaſe and a 
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MANY and n have been the contrivances for 
meaſuring ſmall objects, in all their dimenſions, by that 
inſtrument called, a mictotneter 3 J Thall refer the reader to 
the ſeveral writers on optics for an account of them, and 
ſhall here only propoſe one other method, 'which will come 
ealy, and be very ready in practice; the conſtruction of 
which is a ſufficient explanation of Its reaſon and uſe. 


* 


The new micrometer is nothing be i a flagh (on 


which the objects are placed) moveable by a fine ſcrew 
which has a hand or ſmall index paſſing over the diviſions 


of a graduated circle. A fine threaded ſcrew is the eſſential 
part in all micrometers, of the beſt or moſt perſect kind. 

This ſcrew was formerly placed in the focus of the eye glaſs 
D E, juſt where the image I M is formed; but I found 
this method of applying it gave ſome trouble in underſtand- 
ing and computing the dimenſions taken by it ; and there- 


fore I have here applied to the ſtage, or rather to the object 


itſelf; which being attended with no diſteulty, will, I : 4 
N J the uſe rl it more er e e 


110 


The upper part of the Sten ge which contains the 
glaſs D E has a very fine wire in its focus, and to it any 
part of the image I M may be applied; or that wire may be 
applied to any part of the image, by a proper conſtruction 


of 
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of the upper part of the microſcope. for. that purpoſe. - The 


 obje& being then placed in a proper manner oh the (tage, 


the ſerew is to be turned, till the image of the object has 
palſed/its whole length or breadth under the wire; and then 
te quantity of 0 dimenſion will be known, Thus for 
mea rico of a toms 


The wander of tapas on ihe fore in one inch is fi 
and the number of diviſions on the circular plate is twenty. | 
Thereſore one thread, or one turn of the ſcrew, meaſures 
one fiftieth- part of an inch; and one diviſion of the plate 
's one twentieth of one fiſtieth, that is one thouſandth part 
of an inch. So that ſuch. a micrometer will very exactly 
„ Se- eee 05 Og 
lndth part af an inch. in M 4 wo 


Suppoſe, the ſubjeR were a me, and it 8 
to meaſure the length thereof; then I place it in a ſlider, 
and that ider on a ſtage in ſuch a manner, that the mite 
may move length wiſe in the direction of a ſerew, then 1 
move. or {et the wire at right angles thereta, and ſo as to. 
ouch the image of the mite at one end, very exactly. 


hole length under the wire; and having counted the turns, 
| find them four, and fourteen. diviſions of another ; the 
four turns are 4-fiftieths ar 80-thouſandths and the fourteen. 
diviſions are 14-thouſandths, ſo that the whole length of 
„ e AO Ne 
I-tenth petiphog inchs -. Us 5 12990 e 2 
ein an: 1 21 a ei am Gn den 12357) 1 | 24! 
Again, e e e eee ee 
length of dhe egg of a mite, and find one turn of the 
„ plate, carry ä 
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utter che wire ; then-one revolution of the {crew i is 1-ff. 
tieth or 20-thouſandth, and three diviſions are 3-thou- 


| fandth, ſo the whole length of the egg is equal to 23- 


thouſandth of an inch; that is, almoſt" one forty-fourth 
part of an inch; or forty- four ſuch eggs of a mite will, if 


laid contiguouſly in à right line, be . equal to, one 


por gr 

e that the eee 
plied to the ſolar microſcope ; for let à fine ſtraight line be 
drawn on the ſcreen, and the end. or ſide of the image be 
placed to touch it, then by turning the ſcrew, it will there- 
e cones e e rot 


How great the PI ariſing to the curious naturaliſt 
muſt be in the uſe of the micrometer, meaſuring the 
fmilleſt objects, may be better conceived than expreſſed: 
when by this means he acquires an idea of the wonderful 
&iſptoportion there is between the magnitudes or dimen- 


' ons of tHe ſihalleſt and largeſt objeQs of the ſame ſpecies 


as between the ſmalleſt of the finny fry and che largeſt 
whale ; an animacule in vinegar and a rattleſnake thirty or 


forty feet long. And that the reader may have a elear per- 


ception of ſuch a ſurpriſing contraſt in the works of nature, 
I-ſhall here give him a calculation of the comparative mag - 
_ ITT BITE & 
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(and ſome are larger); alſo let the length of the egg of a 


mite be one fifticth of an inch, and ſome are leſs than that; 
then the lengths of theſe two eggs will be to each other a 


five to ono fiſtieth or two hundred and fiſty to one; then 


as they are ſimilar bodies, their magnitudes Will be as the 
ban h il | cubes 
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cubes. of theſe numbers, viz. as 15625000 to one; that 
zs in words, one egg of an oſtrich is equal to fifteen mil- 


lion fix hundred and twenty-five thouſand eggs of a-mite, 


And there is great reaſon to believe, that there are eggs o 


other animacules in a ſtill greater degree leſs than thoſe o 


a mite. Indeed the greateſt | ſtretch of the human mind 


is infinitely inſufficient to explore the amazing and incon- 
ceivable gradations of miniature in every. part of nature, 


eyen at their very commencement, and nothing but the 


all-piercing eye of boundleſs intelligence can ſee e 
ſeries of ſuch n decreaſing progrefſiogs, 


4 Diagram of the Sola Micron 


LET A B be a ſeQion of the window ſhutter of da Pl”. 


"ye WOE 


room, C D of the frame containing a ſcioptric ball E F; 
in the forepart whereof is ſcrewed the tube G I K H, at 
one end of which is a lens G H, which; by converging 


the ſun-beams into a narrow compaſs, does ſtrongly en- 
lighten the ſmall object a b, placed on a flip of glaſs, or 


otherwiſe, i in the part. of the tube N 2 where a ſlit is 
made on each ſide for that purpoſe. Within this tube 
W n which contains a ſmall 
magnifying 9-8 Fs | 


By moving the exterior tube I G H K one way, and 


the other, the glaſs G H, will be brought to receive the 


rays of the ſun directly, and will therefore moſt intenſely 


illuminate the object a b. The other tube L M,. being: 
{id backwards and forwards, will adjuſt the diſtance of the 


ſmall lens m r, ſo that the image of the object a b ſhall 


waer diſtin, on the oppolite ſide of the room. at 


U 
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© OP; and the magnitud nitude of the image win be to that of 
the object, as the diſtance from the lens m r is to the diſ- 
tance of the object from it, as is evident from the figure. 
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| . © BEFORE we enter upon the deſcription of teleſcopes 


itt will be proper to ſhew how the rays of Tight are affected 
by paſſing through concave n and wy by n, upon 
j 8 concave mirrours. & ; 

7 Fig. 3. When parallel rays, as abcdefgh, paſs dire 


through a glaſs A B, which is equally concave on both 
ſides, they will diverge after paſſing through the glaſs, as 
if they had come from a radiant point C, in the center of 
the. glaſs's concavity ; which, point is called the negative 
or virtual focus of the glaſs. Thus the ray a, after paſſing 
© through the glaſs A B, will go on in the direction K |, a 
If it had proceeded from the point C, and no glaſs been in 
| the way. The 1 ray b will go on in the direction m n; the 
ray c in the direction o p. Kc. The ray C, that falls di- 
rectly upon the middle of the glaſs, ſuffers no refraction in 
* paſling through it; but goes on in the ſame rectilinea di- 
rection, as if no glaſs had been in its way. 


— 
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If the glaſs had been concave only on one ſide, and the 
other ſide quite plane, the rays would have diverged, after 
| ..  pafling through it, as if they had come from. a radiant 
1 point at double the diſtance of C from the glaſs; that is, 
; as if the radiant had been at the diſtance of a whole div 
B Wo: of We Blaſs” 8 concavity. ; 
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If rays come more converging to ſuch a glaſs, than 


parallel rays diverge after paſſimg through it, they will 
continue to converge after paſſing through it; but will 


not meet ſo foon as if no glaſs had been in the way; and 
will incline towards the ſame fide to which they would 
have diverged, if they had come parallel to the glaſs. Thus 
the rays f and b, going in a converging ſtate towards the 


edge of the glaſs at B, and converging more in their way 
to it than the parallel rays diverge after paſſing through it, 


they will go on converging after they paſs through it, 


_ though in = Tels degree dn they did before, and will 
meet at I; n nap able. 
eee 


— ˖ 8 Fs C1614; Diingan ths 
* a concave mirrour A B (which is not tranſparent, but has 
only the furface A b B of a clear poliſh) they will be re- 


flected back from that mirrour, and meet in a point m, at 


half the diſtance of the ſurface of the mirrour from C, the 


center of its concavity: for they will be reflected at as 
 * great an angle from the perpendicular to the ſurface of the 
mirrour, as they fell upon it, with regard to that perpen- 
dicular; but on the other fide thereof. Thus, let C be 
the center of concavity of the mirrour A b B, and let the 


| parallel rays d fa, Cm b, and e Ic, fall upon it at the 


points a b, and c. Draw the lines Ci a, C m b, and 
C hc, from the center C to theſe points; and all theſe 
lines will be perpendicular to the ſurface of the mirrour, 
© becauſe they proceed thereto like ſo many radii or ſpokes 


ftom its center. Make the angle C a h equal to the angle 


da C, and draw the line a m h, which will be the direc- 


tion of the ray d f a, after it is reflected from the point of 


dhe mirrour: b that the * incidence d a C, is equal 
te 
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0 the ahgle df refleftion Cah; the rays —— 
nnen 


Henne Alſo the e fe C kit tachogolate; where 

the ray e 1 c touches the mirrour; and, having made the 

angle Cc i, equal to the angle Cc e, draw the line c mi, 

which wil be e ener eg ed "10494040 
from the mirrour. 


The ray C m b paſſes through: the center of concavity 
of the mirrour, and falls upon it at b, the perpendicular 


to it; and is therefore en e 


limb bm C. | 2 


All theſe reflected rays meet in the point m; and in chat 
point the image of the body which (emits. the parallel rays 
da, Cd, and e c, will be formed: which point is diſtant 
from the mirrour 5 to e, bm C of its 
. | 


The rays which proceed from any celeſtial died may be 
eſteemed parallel at the earth; and therefore, the images 
of that object will be formed at m, when the reſlecting 

ſurface of the concave mirrour is turned directly towards 
the object. Hence the focus of the parallel rays is not in 
the center of the mirrour's concavity, but * way between 
mmm, * 5 


Tho. 1 rays which 3 * any remote * 
al object, are nearly parallel at the mirrour: not- ſtrictly 
ſo, but come diverging to it, in ſeparate pencils, or, as it 
were, bundles of rays, from each point of the ſide of the 

OPS. next the murrour ; ; therefore they will not be con- 


— 
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3 enn at the diſtance of half the radius of the 

mirrour's concavity from its reflecting ſurface; but in ſe- 

parate points at a little greater diſtance from the mirrour. 

And'the nearer the object is to the mirrour, the farther theſe 

poiats will be from it; and an inverted image of the ob- 

ject will be formed in them, which will ſeem to hang pen- 

dent in the air: and will be ſeen by an eye placgd beyond : 
Cn eee eee eee a 
1. ge any wy enen. Gee | 

ne Bbe the dee hater bte buy dan 8 

center of concavity is at C; and let the upright ob- 

ject D E be placed beyond the center C, and ſend out a 

conical pencil of diverging rays from its upper extremity 

D, to every point of the concave "ſurface of the mirrour © 

Ac B. But to avoid confuſion,” we only draw three rays 

Jp gre bercheerer f Geo. 

"Proc the center "of ee ne right 

lines C A, Cc, C B, touching the mirrour in the ſame 

points where the aforeſaid rays touch it; and all theſe lines 

will be perpendicular to the ſurface of the mirrour. Make 

the angle C A d equal to the angie D A C, and draw the 

right line A d for the courſe of the reflected ray D A : make 
de angle C cd equal to the angle De C, and draw the 

right line c d for the courſe of the reflected ray D d: make 

alſo the angle C B d equal to the angle DB C, and draw 

the right light line B d for the courſe of the reflected ray 

DB. All theſe reflected rays will meet in point d, Where 

they will form the extremity d of the inverted image e d, 

ſirailar to the extremity D of the upright object DE. 
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If the pencils of rays Ef, E g. E h be alſo continued 
made equal to their angles of incidence upon it, as in the 
ſormer pencil from D, they will all meet at the point e 
by reflection, and ſorm the extremity e of the image ed, 
mn, TI Cnr 57 123 


re eee 
. and E, ſends out a pencil of rays in like manner to every part 
| back from it, and meet in all the intermediate points be- 
| tween: the extremities 8 and d of the image; and ſo the 


1 whole image will be formed, not at i, half the diſtance 
1 of the mirrour from its center of concavity C; but at a 
l | greater diſtance, between i, and the object D E; * 
j ne, pac x1 
li Mu Gonvt 29103 ts | 
I; Thien e e rakes. wil Als fo | 
j | how the image is formed by the large concave mirrour of | 
|; | the refleQting re n. am he e to the Wann 
Wen Hl 30 brfv- mar \ 
| WU, : 
ö . When the —— £90 y 
its center of concavity C, the image will be leſs than the. c 
þ  obje, and berween the, object and, the mjrrour; when 5 
i | the object is nearer. than the center of concavity, the t 
| image will de more remote and bigger than the object: 0 
| rhus, if D E be the object, e d will be its image; for, as v 
6 the object recedes from the mirrour, the image approaches ' 
f | nearer to it; and as the object approaches nearer! to the 
| - mirrouy, the image recedes-farther! from, itz: on pacount of be 
. the leſſer or greater divergency of the pencils of rays which ey 
{ proceed from the objeR ; for, the leſs they diverge, the 
* ſooner 
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ſoonet they are converged: to points by reflection; and the 
more they diverge; the farther they muſt be reflected before 


they meet. 


If the | ri of the mirrour's concavity and the diſtance 
of the object from it be known, the diſtance of the image 
from the mirrour is found by this rule: divide the product 


of the diſtance and radius by double the diſtance made leſs 


by the radius, and the quotient is the diftance required. 


If the object be in the center of the mirrour's conca- 
vity, the image and _ will by e and equal 
in 


IH # man places himſelf directly before a large concave 
mirrour, but farther from it than it's center of concavity, 
he will ſee an inverted image of himſelf in the air, between 
him and the mirrour, of a leſs ſize than himſelf. And if 
he holds out his hand towards the mirrour, the hand of 
the image will come out towards his hand, and coincide 


with it, of an equal bulk, when his hand is in the center - 


of concavity; and he will imagine, he may ſhake hands 
with his image. If he reaches his hand farther, the hand 


of the image will paſs by his hand, and come between his 


hand and his body: and if he moves his hand towards ei- 
ther ſide, the hand of the image will move towards the 
other; ſo that whatever way the object e the image 
will move the contrary way | 


All the while a byeſtander will ſee nothing of the image, 
becauſe none of the reflected rays that form it enter his 
„%% ta eor rib | | 
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wainſcot, to endanger the whole houſe. In this experi- 


round the planet. 
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If a fire be made in a large room, and a ſmooth maho- 
gany table be placed at a good diſtance near the wall, be- 
fore a large concave mirrour, ſo placed, that the light of 
the fire may be reflected from the mirrour to its focus upon 
the table; if a perſon ſtands by the table, he will ſee no- 
thing upon it but a longiſh beam of light: but if he lands at 
a diſtance towards the fire, not directly between the fire 
and mirrour, he will ſee an image of the fire upon the 
table, large andere. And if another perſon, who knows 
nothing of this matter before-hand, ſhould chance to come 
into the room, and ſhould look from the fire towards the 
table, he would be ſtartled at the appearance; for the 
table would ſeem to be 'on fire, and by being near the 


ment, there ſhould be no light in the room but what pro- 
ceeds from the fire; and the mirrour ought to be at leaſt 
5 teen inches in diameter. 


If the fire be darkened by a ſcreen, and a large candle 
be placed at the back of the ſcreen; a perſon ſtanding by 
the candle will ſee the appearance of a fine large ſtar, or 
rather planet, upon the table, as bright as Venus or Ju- 
piter. And if a ſmall wax taper (whoſe flame is much 
leſs than the flame of the candle) be placed near the candle, 
a ſatellite to the planet will appear on the table: and if 
the taper be moved round the candle, the ſatellite will go 


The Refreing Teleſcope: 


IN a reſracting 8 the glaſs which i is neareſt the 
object in viewing it, is called 1 object glaſs; and that 
which 
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USEFUL KNOWLEDGE. 


which is neareſt the eye, is called the eye-glaſs. The ob- 


ject-glaſs muſt be convex, but the eye- glaſs may be either 
convex or concave: and generally, in looking through a 
teleſcope, inis eye is in the focus of the eye-glaſs ; though 
that it is not very material: for the diſtance of the eye, as 


to diſtinct viſionz is indifferent, provided the rays of the 


pencils falf upon It parallel: only, the nearer the eye is to 
the end of the'teleſcope, the 1 is the ſcope or area of 
the field of view. 


Let e d be à convex glaſs fixed in a long tube, and have 
its focus at E. Then, a pencil of rays g h i, flowing from 
the upper extremity A of the remote object A B, will be 
ſo refracted by paſſing through the glaſs, as to converge 
and meet in point f; whilſt the pencil of rays k I m flow- 
ing from the lower extremity B, of the ſame object A B, 


and paſſing through the glaſs, will converge and meet in 


the point e: and the images of the points A and B, will 
be formed in the points f and e. And as all the interme- 
diate points of the object, between A and B, ſend out 
pencils of rays in the ſame manner, a ſufficient number of 
theſe pencils wilt paſs through the object glaſs c d, and 
converge to as many intermediate points between e and f; 
and ſo will form the whole inverted image e Ef, of the 
diſtin®t object.” But becauſe this image is ſmall, a con- 


25 


Plate 
XVI. 


Fig. 1 


cave glaſs n o is fo placed in the end of the tube next the 


eye, that its virtual focus may be at F. And as the rays. 
of the pencils paſs converging through the concave glaſs, 
but converge leſs after paſſing through it than before, they 
80 bn further, as to b and a, before they meet; and the 
pencils thetnſelves being made to diverge by paſſing through 
the concave glaſs,” they enter the eye, and form the large 

n picture 
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Fig: 2. 
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picture a b upon the retina, w whereon it is —_— under 
the angle b F a. | 


But this teleſcope has one inconveniency which renders 


\ it unfit for moſt purpoſes, which is, that the pencils of rays 


being made to diverge by paſſing through the concave glaſs 
n o, very few of them can enter the pupil of the eye; and 
therefore the field of view is but very ſmall, as is evident 
by the figure. For none of the pencils which flow either 
from the top or bottom of the object A B can enter the 
pupil of the eye at C, but are all · ſtopt by falling upon the 
iris above and below the pupil: and therefore only the 


middle part of the object can be ſeen when the teleſcope 


lies directly towards it, by means of thoſe rays which pro- 
ceed from the middle of the object. So that to ſee the 
whole of it, the teleſcope muſt be moved upwards and 
downwards, unleſs the e be FH remote z and then 
it is never ſeen ed ; 

This i inconvenience. is 3 by ſöbditating a con- 
vex eye-glaſs, as g b, in place of the concave one; and 
fixing it ſo in the tube, that its focus may be coincident 
with the focus of the object glaſs c d, as at E, For then, 
the rays of the pencils flowing from the object A B, and 
paſſing through the object glaſs c d, will-meet in its focus, 


and form the inverted image m E p, and as the image is 


formed in the focus of the. eye glaſs g h, the rays of cach 
pencil will be parallel, after paſling. through: that glaſs ; 
but the pencils themſelves will croſs in its focus, on the 
other fide, as at e: and the pupil of the eye being in this 
focus, the image will be viewed through the glaſs, under 
the angle geh; and being at E, it will appear magnified, 
ſo as to fill the whole ſpace. C me pD. 


But 
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But, as this teleſcope inverts the image with reſpect to 
the ogjeR, it gives an unpleaſant view of terreſtrial ob- 
jets; and is only fit for viewing the heavenly bodies, in 
which we regard not their poſition, becauſe their being in- 
verted does not appear, on account of their being round. 
But whatever way the object ſeems to move, this tele- 
ſeope muſt be moved the contrary way, in order to keep 
ſight of it; for, ſince the object is — its motion 
will be ſo oe | | 
| * 

„eee teleſcope is, a 
diſtance of the object gals to ine Ideal diſtance of the eye 
glaſs. Therefore, if the former be divided by the n 
the quotient will expreſs the magnifying p-Wert. 


When we ſpeak of magnifying by a teleſcope: or micro- 
ſcope, it is only meant with regard to the diameter, not to 
the atea or ſolidity of the object. But as the inſtrument 
magnifies the vertical diameter,, as much as it does the 
horizontal, - it is eaſy to find how much the whole viſible 
ara or ſurface is magni fied: for, if the diameters he mul- 
tiplied into one another, the product will expreſs the mag - 
nification of the whole viſible area. Thus, ſuppoſe the 
focal diſtance of the object- glaſs be ten times as great as 
the focal diſtance of the eye-glaſs ; then, the object will 
bo-magnified ten times, both in length and breadth + and 
ten multiplied by ten, produces one hundred; which 
ſhews, that the area of the object will appear one hun- 
dred times as big when ene ſuch a r dcn it 
does to the s 
% 

3 that if the focal diſtance of the eye · 

dals were equal to wn ar ide ohen 


Fig. 3. 
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glaſs, the n power of docs wheſops would be | 


nothing. 


This teleſcope may de made to magnify in any given 
degree, provided it be of à ſufficient length. For, the 
greater the focal diſtance of the objeA-glaſs, the leſs 


1 


may be the focal diſtance of the eye-glaſs; though not di- 


rely in proportion. Thus, an objeQ-glaſs of ten feet 
focal diſtance, will admit of an eye-glaſs whoſe focal dif. 
tance is little more than two inches and a half; which will 
magnify near forty-eight times; but an object- glaſs, of one 
hundred feet focus, will require an eye-glaſs ſomewhat 


more than ſix inches; and will therefore EE _ 


two hundred times. 


A teleſcope for viewing terreſtrial objects, ſhould be ſo 
conſtructed, as to ſhew them in their natural poſture. 
this is done by one objeQ-glaſs c d, and three eye-glaſſes, 
e f, g h, i k, ſo placed, that the diſtance between any 
two, which are neareſt to each other, may be equal to the 
ſum of their focal diſtances; as in the figure, where the 
focus of the glaſſes c d and e f meet at F, thoſe of the glaſſes 
ef and g h, meet at l, and of g h and i k, at m; the eye 
being at n, in or near the focus of the eye. glaſs i K, on 
the other ſide. Then, it is plain, that theſe pencils of 
rays which flow from the object A B, and paſs through the 
obje&-glaſs c d, will meet and form an inverted image C 
F D in the focus of that glaſs; and the image being alſo 
in the focus of the glaſs e f, the rays of the pencils will be- 
come parallel, after paſſing through that glaſs(-and croſs at 
I, in the focus of the glaſs e f; from whence they paſs on 
tothe next glaſs g h. and by going through it they are con- 
vergedto the points in its ather focus, where they form an, 
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erect image E m F, of the object AB; and as this image 

is alſo in the focus of the eye-glaſs i k, and the eye on the 
oppoſite ſide of the ſame glaſs ; the image is viewed thro? 
the eye-glaſs, in this teleſcope, in the ſame manner as 
through the eye-glaſs in the former one; only-in a con- 
trary poſition, that is, in the ſame poſition with the 
object. 


The three glaſſes next the eye, have all their focal 
diſtances equal: and the magnifying power of this tele- 
ſcope is found the ſame way as that of the laſt above; viz. 
by dividing the focal diſtance of the object- glaſs c d, by the 
focal diſtance of the eye-glaſs i k, or g h, or e f, ſince all 
theſe three are equal. 


When the rays of light are ſeparated by refraction, they Why the 
become coloured, and if they be united again, they will — 


be a perfect white. But thoſe rays which paſs through a c 
convex glaſs, near its edges are more unequally refracted than through a 
thoſe which are nearer the middle of the glaſs. And when 
the rays of any pencil are unequally refracted by the glaſs, 

they do not all meet again in one and the ſame point, but 

in ſeparate points; which makes the object indiſtinA, and 
coloured about the edges. The remedy is, to have a plate 

with a ſmall round hole in its middle, fixed in the tute at 

m, parallel to the glafſes. For, the wandering rays about 

the middle of the glaſſes will be ſtopt, by the plate, from 
coming to the eye; and none admitted but thoſe which 

come through the middle of the glaſs, or at leaſt at 

a good diſtance from its edges, and paſs through a hole in 

the middle of the plate. But this circumſcribes the image, 

and leſſens the field of view, which would be much larger 

if the plate could be diſpenſed with. 


The 
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The Binocular, or Double Teleſcope. 


BESIDES the teleſcopes deſcribed before, there is alſo 
one called a binocular, or double teleſcope. This is no 
more than two equal teleſcopes ſet in a-frame, parallel to 
one another; and theſe may be ſet at a proper diſtance from 
one another, by the help of ſcrews: and that diſtance is to 
be the ſame, as the diitance of the two pupils of the eyes, 
When that is adjuſted, a perſon is to look through them 
both at once; through one with each eye, to any object; 
which will then be ſeen by both eyes, and * far 
brighter than through a ſingle ee 


| All teleſcopes in gencral repreſent all terreſtrial objects 
to be nearer hand, but not larger; and this nearneſs, vici- 
nity, or ſeeming approach of the object, is as the magni- 
tying power of the teleſcope. Thus looking at a man one 


hundred yards off, with a teleſcope that magnifies one hun- 
dred times; the man will appear to be no bigger, but will 


ſeem only to be a yard off; and the like of other objects 
ſituated on the earth. 


The magnifying power of a teleſcope, will be found if 
you make two equal circles of paper of an inch diameter 
or more, and fix one of them upon a wall one hundred or 
two hundred yards diſtant ; and the other at a ſmall diſ- 


tance, in a line with the firſt, Then look at the further 
circle through the teleſcope with one eye, and at the near 
circle with the other eye naked. Move the near circle (or 
elſe the teleſcope} back and forward, till the two circles 
appear equal, or coincide. Then meaſure the two diſ- 
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tances, from. the. eye-glaſs of the teleſcope. to the two 
circles; then diyide the greater diſtance by the leſſer, and 


you have the magnifying power of the teleſcope. 


* — — . 


To ry th cui of an dle d. 


THERE is no lauer way for thying the goodneſs of an 
object glaſs than putting it in a tube, and trying it with 
ſeveral ſmall eye-glaſſes, by. looking at ſeveral diſtant ob- 
jects, and particularly at the title page of a book. For 
that glaſs which repreſents objects the moſt bright and diſ- 


tin, and bears the greateſt aperture, and the ſhorteſt eye- - 


glaſs, without colouring ar dimpeſs, is the beſt glaſs. 


If ſeveral teleſcope of 1 the ſame length be compared to- 
gether, thoſe are the beſt, with which you can read the 


lame print, at the greateſt diſtance. And this may be 2 


rule for-thoſe that buy teleſcopes, by which they may 
know bow to chulp the belt; © 


Thees are four juigeiped things inj © teleſcope to be con- 
ſidered: 1. Magnifying power. 2. Diſtinctneſs. 3. 
Brightneſs. 4. The viſible angle, or linear view it takes 
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4 Tast of the focal Diſtances, Apertures, and magnifying 
' Pulvers of Refratting Teleſcopes.” 
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The Refledting 22 oO 


THE a te ada ot 
long teleſcopes of the refracting kind, has brought them 
much into difuſe ever ſince the reflecting teleſcope was in- 
vented. For one of this ſort, ſix feet in length, magnifies 
as much as one of the other at an hundred. It was in- 
vented by Sir Iſaac Newton, but has received conſiderable 
improvements ſince his time; and is now generally con- 
en derten, f fert en ee 


Ae bee 6 the great tube T T T T, is placed 2. , 
the large concave mirrour D U V F, whoſe principal focus 
is at m; and in its middle is a round hole P, oppoſite to 
which is placed the ſmall mirrour L, concave toward the 
great one; and ſo fixed to a ſtrong wire M, that it may be. 
moved farther from the great mirrour, or nearer to it, by 
means of a long ſcrew on the outſide of the tube, keeping 
its axis ſtill in the ſame line Pm n with that of the great 
one. Now, ſince in viewing a very remote object, we can 
ſcarce ſee a point of it but what is at leaſt as broad as the 
great mirrour, we may conſider the rays of each pencil, 
which flow from every point of the object, to be parallel to 
each other, and to cover the whole reflecting ſurtace D 
V F. But to avoid confuſion in the figure, we ſhall only 
draw two rays of a pencil flowing from each extremity of 
the object into the great tube, and trace their progreſs, 
through all their reſſections and retractions, to the eye f, at 
the end of the ſmall tube t t, which is joined to the great 
one, Hit ot rig + tf 's Na 
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Let us then ſuppoſe the object A B to be at ſuch a diſ. 
ance, that the rays C may flow from its lower extremity 
B, and the rays E from its upper extremity A. - Then the 
"rays C falling parallel upon the great mirrour at D, will 
be thence reflected, converging in the ditection D G; and 
by eroſſing at I in the principal focus of the mirrour, they 
will form the upper extremity I of the inverted image I K, 
fimilar to the lower extremity B of the object AB: and 
paſſing on to the concave mirrour L (whoſe focus is at n) 
they will fall upon it at g, and be thence reflected converging, 
in the direction g N, becauſe, g m is lotiger than g n; and 
paſſing through the hole P in the large mirrour, they would 
meet ſomewhere about r, and form the lower extremity d 
of the erect image a d, fimilar to the lower extremity B of 
E the object A B. But by paſſing through the plano- convex· 
ih glaſs Rin their way, they form that extremity of the image 
| at b. In like manner, the rays E, Which come from the 
top of the object A B, and fall parallel upon the great mir- 
tour at F, are thence reflected converging to its! focus, 
where they form the lower extremity K of the inverted 
image I K, ſimilar to the upper extremity A of the object 
A; and thence paſſing on to the {mall mirrour L, and fall- 
ing upon it at h, they are thence reflected in the converging 
ſtate h O; and going on through the hole P of the great 
mirrour, they would meet ſome where about q, and form | 
there the upper exttemity a of the erect image a d, ſimilar 
to the upper extremity A of the dbjeft!A,B;: but by paſſing 
 through'the convex-glaſs R in their way, they moet and 
croſs ſooner, as at a, where that point of the etect image is 
formed. The like being underſtood of all thoſe rays which | 
flow from the intetmediate points of the object, between A | 
and B, and enter the tube T T; all the intermediate points 
of the image between a and b will be formed: and the rays 
| Wes * 
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| paſſing'on fron the image through the eye-glaſs 8, and 


through a ſmall hole e in the end of the leſſer tube it t, they 
enter the eye f, which ſees the image aU (by means of the 


eye-glaſs) under the OT ET 
length, under that angle from e @ d. 90 


In the beſt reflecting teleſcopes, the focus of the « mall 


mittour is never co- incident with the focus m of the great 


one, where the firſt image I K is formed; but alittle beyond it 
(with teſpect to the eye) as at n: the conſequence of whith 
is, that the rays of the pencils will not be parallel after re- 
ſection from the ſmall mirrour, but coriverge ſo as to meet 
in points about q, e, T; whete they will form a larger up⸗ 
right image than ad, if the glaſs R was not in their way: and 
this image might be viewed by means of a ſingle eye-glaſs 
property placed between the image and the eye: but then 
the field of view would' be leſs, and conſequently not fo 
pleaſant ; for which reaſon, the glaſs R is fill retained, to 
enlatge the ſcope or area of the feld. 


* 
* » 
, 4 1 | 
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To find the magnifying power of this teleſcope multiply 


the focal diſtance of the great mirrour by the diſtance of the 
ſmall mirrour from the image next the eye, and multiply 
the focal diſtance of the ſmall mirrour by the focal diſtance 
of the eye-glaſs : then, divide the product of the former 
multiplication by the product of the latter, and the Pocken 
mi expreſs the magnifying power. | 


, ; 


e iy: ſhall here ſet down the r of one SF b 
Sure berge dann as deſcribed - 0 2 
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The focal diſtance of An er e 
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Its breadth 0.6; the breadth of the hole in the great mir. 
rour 0,5; the diſtance between the ſmall mirrour and the 


next -eye-glaſs 14. 2 the diſtance between the two eye- 
glaſſes 2.4; the focal diſtance of the eye-glaſs next the 


metal 3.8; and the focal 3 
eye 1. 1. 


ag Ce APR ee that 
it will admit of an eye-glaſs of a much ſhorter focal diſ- 


| tance than a refracting teleſcope. will; and, conſequently, 


it will magnify ſo much the more: for the rays are not co- 
loured by reflection from a concave mirrour, if it be ground 
to a true figure, as they are by paſſing through 2 convex- 
glaſs, let Md ts ſo true. | | 


The adjuſting ſcrew on the outſide of the great tube fits 
this teleſcope to all ſorts" of eyes, by bringing the ſmall 
mirrour either nearer to. the eye, or removing it farther ; 
by which means the rays are made to diverge a little, for 

nnn eyes, or to converge for thoſe of a 2 1 N 


The nearer an object i is to the teleſcope, the more its 


pencils of rays will diverge before they fall upon the great 


mirrour, and therefore they will be the longer of meeting 
in points after reflection; ſo that the firſt image I K will 


be formed at a greater diſtance from the large mirrour, 


when the object is near the teleſcope, than when it is 

very remote. But as this image muſt be formed farther 
from the ſmall mirrour than its principal focus n, this 
mirrour mult be always ſet at a greater diſtance. from the 
large one, in viewing near objects, than in viewing remote 
ones. And this is done by turning the fcrew on the out- 


| fide of the tube, until the ſmall mirrour be ſo adjuſted, that 


the object (or rather its image) appears perfect. 


In 
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In looking through any teleſcope towards an object, we 
never ſee the object itſelf, but only that image of it which 
is formed next the eye in the teleſcope; For, if a man 
holds his finger or a ſtick between his bare eye and an ob- 
je&, it will hide part (if not the whole) of the object from 
his view. But if he ties a ſtick acroſs the mouth of a tele- 
ſcope, before the object- glaſs, it will hide no part of the 
imaginary object he ſaw through the teleſcope before, un- 
leſs it covers the whole mouth of the tube: for, all the 
effect will be, to make the object appear dimmer, becauſe 
it intercepts part of the rays. Whereas, if he puts only a 
piece of wire acrols the inſide of the tube, between the eye- 
glaſs and his eye, it will hide part of the object which he 
thinks he ſees :, which proves that he ſees not the real ob- 
ject, but its image. This is alſo confirmed by means of 
the ſmall mirrour L, in the reflecting teleſcope, which is 
made of opake metal, and ſtands directly between the eye 
and the object towards which the teleſcope is turned; and 
will hide the whole object from the eye at e, or Dov ann 
nennen 


4A Table 


\ ' 


AN INTRODUCTION To 
ATasBLE of the Apertures, Piaeri, Se. of Teleſcopes of the 
the Newtonian Conſtruction, in which the Figure of the great 
Metal is ſuppoſed to be truly Spherical. | : | 
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. AS telefioges of Six Iſaac Newton's conſtruQion. are 
now, found (particularly by the late exquiſite obſervations 
of Mr. Herſciiell) to perform moſt excellently i in the minu- 
tie of aſtronomy, eſpecially if ſmall apertures and long foci 
are made uſe of, I have added the foregoing table chiefly 
taken from Dr. Smith's optics, and have continued it from 
17 to 24 feet focal diſtance of the great mirrour: I have 
alſo annexed) 10 ůt Sir Iſaac Newton's numbers,. -by means. 
of which, the apertures c of reflecting teleſcopes of any con- 
ſrucl ion anay „ 855 * 2 to Gre” 
gory 8 N ; | | 

I c be 3 to \meniogrtrh 
was conſtructed by uſing the : 
aperture and power of Mr. Hadley's excellent Newtonian 
teleſcope as a ſtandard viz. the focal diſtance of great mir- 
our. 62Þ inches; aperture of . concave metal 5-inches, and 
power 208 times. Mr. Herſchell chiefly makes uſe of a 
Newtonian” refleQor, -the focal: : diſtance of whoſe great 
mirrour-is 3 feet, its aperture 6.25 inches, and powers 
227 and. 460 times; though; ſometimes he uſes; a power 
of 6450 forthe fixed ſtars;* bit he is now conftruRting | a 
icleſcope which will 1 infiitely N my 28 . 
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If the igual of k Nute 


tigheſt power that en a \ « teleſedpe ſhould . per- 
ect diſtinctneſs will be given by multiplying the diameter 
of the great ſpeculum by 74 3 and the focal diſtance of the 
ſingle eye-glaſs may be found by dividing the focal diſtance 
of the great mirrour by the magnifying power; thus 6.25 
multiplied by 74 is 462 the magnifying power; and 
Mm 7 mul- 


Yu - 5 1 : aun aa rage, a * y Mr. Short, computed | > 
5 3 Ln uy before. .- P : tx 
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7 multiplied by 12 and divided by 402 is oba of an 


inch, the focal diſtance of the ſingle eye-glafs "requires. 


To this 1 Wan add, 
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cw "The Multiplying Glaſe. | 


TH multiplying glaſs is made by grinding down the 


faces, as h b, b d, d k. An object C will not appear 
magnified, when ſeen through this glaſs, by the eye at H; 

but it will appear multiplied into as many different objects 
25 the glaſs contains plane ſurfaces. For, ſince rays will 
flow from the object C to all parts of the glaſs, and 
each plane ſurface will refract theſe rays to the eye, the 
fame object will appear to the eye, in the direction of the 
nays which enter it through each ſurface. Thus, 2a ray 
gi H, falling perpendicularly on the middle ſurface will go 
through the glaſs to the eye, without ſuffering any refrac- 
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Plate XVII 
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| fide h; ĩ K of a convex glaſs A B into ſeveral flat ſur- | 


danz dall will therefore, ſhew, the objeft In its pus place 


3t Ct whilſt a ray a b flowing from the ſame object, and 


falling obliquely on the plane ſurface b h, will be refrated 


in che direction be, by paſſing through the glaſs; and upon 


leaving it, will go on to the eye in the direction e H; 


which will cauſe the ſame object C to appear alſo at E, in 


the direction ohe ray H e, produced in the right line 
Hen., And the my c d, flowing from the object C, and 
falling obliquely on the plane ſurſace d k, will be refracted 
(by paſſing through the glaſs and leaving it at f) to the eye 
at H; which will cauſe the ſame object to appear at D, in 
the direction H f m. If the glaſs be turned round the line 
;1 H, as an axis, the object C will keep its place, becauſe 


the ſurface b 1 d is not remoyed ; but all the other objects 


will ſeem to go round C, becauſe the oblique planes, on 
which the rays a b, cd fall, l 
of the gat. 


M m 2 The 
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The Camera Obfcura: f 


THE camera «na is made by : a convex 900 C D, 
placed in a hole of a window-ſhutter, "Then, if the room 
be darkened ſo as no light can enter but what comes through 
the glaſs, the pictures of all the objects (as helds, trees, 
buildings, men, cattle, Kc.) on the outſide, will be ſhewn 
in an inverted order, on a white paper, placed at GH i in 
the focus of the glaſs; and will afford a moſf beautiful and 
perſect piece of perſpective or landſcape of whatever | is be- 


fore the glaſs: clpecilly if the ſun ſhines upon t the objects 


If the convex glaſs ( C D he placed in a tube in the ſide 


of a ſquare box, within which is the plane mirrour E F, 


reclining backwards i in an angle of forty-five degrees om 
the perpendicular k q, the pencils of rays flowing from the 


outward objeQs, and paſſing through the convex glaſs to 


the plane mirrour, will be reflected upwards | from it, and 
meet in points, as I and K (at the ſame diſtance that they 
would have met at H and G, if the mirrour had not been 
in the way) and will form the aforeſaid images on an oiled 
paper ſtretched horizontally in the direction I K; on 
which paper the out- lines of the images may be eaſily 
drawn with a black lead | pencil; ; and then copied on a clean 
ſheet and coloured by art, as the objects themſelves are by 
nature. In this machine, jt is uſual to place a plain glaſs, 
unpoliſhed,, in the horizontal ſituation I K, which glaſs 
receives the i images of the outward objects; and their out- 


lines may be traced upon it by a black lead pencil 


The 
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The tube in which the convex glaſs C D is fixed, 
muſt be made to draw out, or puſh in, fo as to adjuſt the 
diſtance of that glaſs from the plain mirrour, in proportion 
to the diſtance of the outward objects; which the operator 
does, until he ſces their images SAY painted on the 
horizontal glaſs at I K, | 


The forming a horizontal image, as I K, of an upright 
object A B, depends upon the angles of incidence of the 
rays upon the plane mirrour E F, being equal to their 
angles of reflection from it. For, if a perpendicular be 
ſuppoled to be drawn to the ſurface of the plain mirrour at 
e, Where the ray Aa Ce falls upon it, that ray will be 
reflected upwards in an equal angle with the other ſide of 
the perpendicular, in the line e d I. Again, if a perpen- 
dicular be drawn to the mirrour from the point f, where 
the ray A b f falls upon it, that ray will be reflected in an 
equal angle from the other ſide of the perpendicular, in 
the line f h l. And if a perpendicular be drawn from 
the point g, where the ray A c g falls upon the mir- 
rour, that ray will be reſlected in an equal angle 
from the other ſide of the perpendicular, in the line g i 1. 
So that all the rays of the pencil a b c, flowing from the 
upper extremity of the object AB, and paſſing through the 
convex-glaſs C D, to the plain mirrour E F, will be 
reflected from the mirrour and meet at I. where they will 
form the extremity I of the image I K, ſimilar to the ex- 
tremity A of the object A B. The like is to be underſtood 
of the pencil q r s, flowing from the lower extremity of the 
object A B, and meeting at K (after reflection from the 
plain mirrour) the rays ſrom the extremity K of the image, 
ſimilar to the extremity B of the object: and ſo of all he 
pencils that flow from the in te points of the object 
4 | to 
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to the mirror, r convex-glaſs, This may de 
further improved by p a convex lens of ſix inches 


focal diſtance, and four inches diameter, or more if it be 


required longer between the mirrour and the ground glaſs, 


and though this will reduce the picture, yet it will be | more 
illuminated, and afford a pleaſanter view. , 


* 
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182 A curious ferment end ie applied to uſe in the fol. 
lowing manner. A ſcioptric ball and ſocket being faſtened 
againſt a hole in the window ſhutter in a darkened chamber, 
place the end of a common refracting teleſcope with its 


object- glaſs and eye - glaſs into the cylindrical hole of the 
ſcioptric ball, and draw out the tube to its proper length; 
this being done, the teleſcope and ball are moved about till 


it receives the ſun- beams perpendicular on the obje&@-glaſs 


through the cylindrical hole of the ball; the tube with the 


eye-glafs is then to be adjuſted by moying it either in or out, 
till the image of the ſun, formed on a white plane or ſcreen, 
is * diſtinct, nn nn 5 


In this manner FE ſun's a png — 
to the eyes, and whateyer changes happen therein may be 


moſt accurately obſerved; the ſpots, which are ſeldom ſeen 


even when viewed through ſmall teleſcopes in the common 
way, are here conſpicuous, and eaſy to be obſerved with all 


the different circumſtances of the ſpots beginning to ap- 


pear, their increaſe, diviſion of one into many, or the unit- 
ing of many irito one, their magnitude, and decreaſe, their 
nt and NA OI e behiad the . 
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An eclipſe of the fun may by the ſolar teleſcope be viewed 
to the greateſt advantage, we having it in our power to re- 
preſent” the face of the ſun as large as we pleaſe, conſe- 
quently the eclipſe proportionally conſpicuous ; alſe the 
Grdle of the fun's diſh may be ſo divided by lines and 
circles drawn thereon, that the quantity of the eclipſe in- 
timared in digits may this way be exactly determined; alſo 
the exadt time of the beginning, middle and end thereof, 
for determining the longitude of the place, are ſeen to the 
greateſt advantage. The tranſits of Mercury and Venus 
over the face of the fun, are exhibited moſt Yelightfully by 
this inſtrument : they will here appear truly round, well 
defined, and very black: their comparative diameters to 
that of the ſun may this way be aþferved, the direction of 
their motion, e mens org here 
viewed is the greateſt perfe&tions | 


Nahas 6 


ariſe from rhe motion of the earth, in making experiments 
on the ſolat light, was an excellent invention of Dr's Grave- 


ſan; it confiſts of two principal parts each of which con- 


ſits of many ſmaller parts, The firſt is a plain metallic 
ſpeculum, fupported by a ſtand; the other is a clock which 
R r ee 
Hy theKini ie Mate rent of Views! 2" * fe 
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Tis conſiſts of A ks or woble objeR-glaſs; thedou- 
ble object glaſs conſiſts of a double concave of white flint and 
a double convex of crown glaſs. The parts of the lenſes, 

g which 
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which are of the ſame fide of the centers may be conceived 
to act like two priſms, which refra& contrary ways; and if 
the exceſs of refraction in the crown glaſs he ſuch as to de- 
ſtroy the divergency of colour cauſed by the flint · glaſs, the 
incident ray will be refracted without any production of 
colour: the ſame is true of all che incident rays, and con- 
ſequentiy the image formed in the focus of this compound 
object · glaſs will be free from colours; or ĩn other Words by 
means of the different refrattive power of theſe two ſorts of 
glaſs and their unequal figure, . it comes to pals that all he 
| rays of light incident upon thoſe, glaſſes from diſtant radia | L 
| | objects, will paſs through them in ſuch. a/manner, 2 
| whatever abexration-is- occaſioned .i in the heterogeneal rays 
in refraction through the ſirſt glaſs, is ſo. far cotrected by 
the ſecond, that thoſe; rays; emerge. from. it nearly, parallel 
among themſelves,” and are converged; ta one locus, form- 
ing an image not ſenſibly compounded. or coloured, and 
therefore are more; pexfe ang} diſtinct. It will there- 
fore admit 4 much larger aperture, and of courſe a. greater 
magnifying power chan the common xefraQing teleſcopes 
poſſibly can; if the teleſcope be ſhort the conyexity of the * 
lenſes vill be conſiderable; and in ſuch gaſes it is moſ coo- I * 
venient to combine three lenſes, ,ong concaye of white flint 00 
glaſs between two gonxex of crown.glaſs ;_but ſtill, where 
a great magnifying power is wanted, recourls muſt be hal 
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to refracting teleſcopes: theſe and all other optical and wi 
philoſophical inſtruments are to be had in their greateſt: WI pr 
periection of that ingenious artiſt Mr. George Adams, Fle {pr 
Street, London ; whoſe"aſſiduity-"in- rendering philoſophical At 
2 n well "_ _ to the ſcientific. | wh 
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of the Jams 745 or Names by ph. te 7 
Automaton, are called. d 


N 
ters which, clock makers uſe, that gentlemen, and 
others, unſkiled in the art, may know, how to expreſs thems 
ſelves properly, in ſpeaking ; and alſo underſtand what LA 
ſhall ſay in the following treatiſe:) 1 4, 
I begin with the more general terms: as, the frame; 
which, is, that which contains the wheels, and the reſt 


of the; Work. net an, are. ue 
conſiſts of. 


e eee That 
which the ſpring lies in, is the ſpring-box.z, that which the 
ſpring laps about, in the middle of the ſpring-box, is the 
ſpring-arbor; to which the ſpring. is hooked at one end- 
At the top of the ſpring-arbor, is the endleſs-ſcrew, and its 
wheel : but in ſpring docks, it is a ratchet-mherl, with ts 
COTS | 
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That which the main-ſpring draweth, and about which 
the chain or ſtring is wrapped, and which is commonly 
taper, is the fuſy. In larger work, going with weights, 
where it is cylindrical, it is called the barrel: the ſmall 
teeth at the bottom of the fuſy, gr barrel, that ſtop it in 
winding up, is the ratchet. That which ſtops it when 
_ up, and is for that end driven up by the ſtring, is 

the gardegut... un r aka. 


The parts of a wheel are, the hoop, or rim: the teeth : 
the crols : and the collet, or piece of braſs, ſoldered on the 
arbor, or ſpindle, on which the wheel is rivetted. 


A pinion, is that little wheel, which plays in the teeth of 
the wheel: its teeth (which are ee 4» 556 , 7, 8, 
&c.) enen not teeth. 


The ends of the ſpindle, are e called pivots: the holes in 
which they run, pivot holes, 


The on wheel, with iron fkes at the denen in 
which the line of ordinary thirty-hour houſe - clocks doth 
run, is called the pulley. 


1 need not ſpeak of the dar , th hands, ſcrews, 
wedges, ſtops, Se. 


Thus rc or gener ae, which ae common ol 
parts of a movement. 


The moſt uſual movements are watches and clocks. 


Watches, ſtrictly taken, are all ſuch movements as ſhew 
the parts of tune: and clocks are ſuch as publiſh it, by 


ſtriking 
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ſtriking on a bell, &c. But commonly the name of watches 
is appropriated to ſuch as are carried in the pocket; and 
that of clock to the larger movements, whether they ſtrike 
the hour or no. As for watches which firiks the hour, 
eee | 

The — of a movement, which I hall confder, ar 
the watch and clock parts. 


The watch part of a movement, is that which ſerveth to 
the meaſuring the hours. In which, the firſt thing I ſhall 
conſider, is the balance: whoſe parts are the rim, which is 


the circular part of it; the verge, is its ſpindle, to which 


belong the two pallets, or leaves. which play in the teeth 
of the crown-wheel : in pocket watches, that ſtrong ſtud, 
in which the lower pivot of the verge plays, and in the 
middle of which, one pivot of the balance- wheel plays, is 
called the pottance. The bottom of this ĩs called the foot; 
the middle part (in which the pivot of the balance-wheel 


turns), is called the noſe; the upper part, the ſhoulder of 


the pottance. The piece which cavers the balance, and in 
which the upper pivot of the balance plays, is the cock. 
The ſmall ſpring in pocket watches, underneath the 
balance, is the ane or anne | 


The 5 are the verge, pallets and cocks, 


as before. The ball in long pendulums, the bob in ſnort 


ones, is the weight at the bottom: the rod, or wire, is plain. 
The term peculiar to the royal-ſwing, are the pads, which 
are the pallets in others, and are fixed on the arbor, the 
fork is alſo fixed to the arbor, and about ſix inches below, 
tatcheth hold on the rod, at a flat piece of braſs, called the 
may in-which, the lower end of the {pring is faſtened; 

. N n 2 The 
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The names of the wheels next follow: the crown-whee 
in ſmall pieces, and the ſwing- heel in ere geg is 
that wheel a che nn 

The contrate Wr is . id in 6 
and others, which is next to the crown-wheel, whoſe teeth 


and hoop. lie contrary to thoſe of other wheels; RISE | it 


hath its name- +1169 4 


The great-wheel, or firſt-wheel, is that whieb the fuſy, 
&c. 9 driveth. Next it, are the ſecond-wheed, 
———_—_— i 
+ Next allem the work nen the frets ia dial- 
a and firſt, is the pinion of report; which is that pi- 
nion, which is commonly fixed on the arbor of the great 
wheel, and, in old watches, uſed to have commonly but 
four leaves; which driveth the ARS me _ e 
* the hand. * tw i 

The ha pn which I Ge: of i is 0. chat) which 
is that part vvhich ſerveth to ſtrike the hours in Which, I 
ſhall firſt ſpeak; of the great, or firſt wheel; which is that 


which the weight or ſpring firſt drives. Im thirty-hour 
clocks, this is commonly the pin- wheel: this wheel, thus 


with ow. is called the ſtriking- Wheel, or e e 


24 166 1 


Next to wis | Rriking-wheel, follaweth ann 


ar hoop-wheel, it having a hoop, almoſt „ 


is a Wenneg, * which the glock locks. | 


| 20 i6 941 03 fk f b A 
The next is the third, or fourth. wheel beben as it is 
diſtant n the Ae e the warning- wheel. 
And 


— , 


nd 
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And- laſtly, is the flying-pinion, with a fly, or fan, to 


gather air, and ſo bridle the rapidity of the clock's mo- 

us 5 ; 
Beſides theſe, there are the pinion of report, of which 

before, which driveth round the locking wheel, called alſo 


the count-wheel, with eleven notches in it commonly, un- 


equally diſtant from one another, to make the un ſtrike 
the hours of I, 2, 3z &c. ; 


Thus mock for wheels of the dock k par. 


'4 p 


The detents are thoſe ſtops, , which, by being. "_ 
up, or let fall down, do lock and unlock the clock i in 
kiking: | 


. 


"The hammen firike the bell 2 the an l aro en 
the ſtriking- pins draw back the hammers by. 


Latches are what lift up, and unlock the work. 


Catches are what hold by hooking, or catching hold of. 


The lifting pieces do lift up, and umocke the detents, in 
the clock part. | 


. 


The train is the number of beats or. vibrations, which 
the watch Fend in an hour, or any other certain time. 

There are, beũdes theſe, divers aber terms with clock- 
makers uſe. in various ſorts of. pieces, as the ſnail, or ſtep- 


wheel, in repeating-clocks, the rack, the ſafeguards, the 
f n ſeveral 


11 Tr 


Plate 


XVIII. 


Tig. 2. 


I. The pin-wheel, with che fiking-pins e. e. e. 
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ſeveral levers, lifters, and detents : but it would be OW, 


and it is needleſs to mention the particulars. 


95 


For the better a. theſe terms of art, and the 
parts of a clock, I have repreſented them to the eye: in 
which, two diſtinct parts may be 1 the watch, and 
the clock part. 


| The wheels, Ke: on the right han, is the watch: part : 
they on the left, the clock, 


D. D. The ſpring-boxes of the watch and dock part. 


8 


E, E. The great wheel of each part, 3 


F. F. The fuſy of each part, about which, the chain, or 
firing is wrapped, ; 


o. o. The click and ſpring of each 15 
g. g. The ratchet of each part. 

2 The hoop, or rim of the ſecond-wheel, 
b. The crols thereof, 
c. The an 

d. The third-wheel. 


X. The pallet- heel. 


m. The hoop- wheel. 
l * n. The 


— * 
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n. The waming-wheel, or fourth-wheel. 


O, The detent. 
P. The lifting-piece. | 
2. The fan, and IEEE 


R. The bel 


S. The hammer. 


T. The hammer-tail. 
y. The hammer-ſpring. 
V. v. The chain, or firing of the watch and clock. 


The pendulum conſiſts of 1. The rod. 2. The fork. 
3: The flatt. 4. The great-ball. 5. The corrector, or 
regulator ; being a contrivance of very great uſe, to bring 
the pendulum. to its niceſt vibrations, and is fixed on the 


1 5. 


To fing the Length of a Pendulum that ſhall make any give 
Number of Vibrations in a Minute, and vice verſa. 
f 

A PznpuLuM whoſe length is 39.2 inches, from the 
point of ſuſpenſion to the center of oſcillation, makes 60 
vibrations in a minute; and this is called the ſtandard length. 
Then, for any other number of vibrations in a minute, ſay, 
a the- ſquare of the given number of vibrations is to the 
| ſquare 


U 


\ 
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- ſquare of 60, ſo is the length of the ſtandard to the length 
- fought. Thus, ſuppoſe the given number of vibrations to 


be zo per minute: the ſquare of 30 is 900, and the ſquare 
of 60 is 3600: then, as 900 is to 3600, ſo is 39.2 to 
156.8; ſo that the length required for zo vibrations per 
minute is 156.8 inches. 2 

If the length of the 3 be given, and the amber 
of vibrations it makes in a minute be required; ſay, as the 
given length is to the ſtandard length (39.2 inches) ſo is the 
ſquare of 60 vibrations to the ſquare of the of the number 
required : the ſquare root of which ſhall be the number of 
vibrations made by the pendulum in a minute. Thus, 
ſuppoſe the given length to be 156.8 inches: as 156.8 is to 
39-2, ſo is 3600 (the ſquare of 60) to goo ; the ſquare root 
of which i is 30, the number of vibrations par = r 
will make in à minute: 


The length of a Pendulum chat would make only one 
vibration in a minute is 3920 yards, or 141120 inches: 
and the length of a pendulum that would make 240 'vibras 
tions, in A minute fot 2 in a 0 1s 2.45 inches. 

In theſe calculations, it is ſuppoſed, he weight of 
the pendulum-rod bears little or no ſenſible proportion to 


the weight of the ball. But as this cannot be the caſe in 
practice, the center of oftillation will atways be further 


from the point of ſuſpenſion than the calculation 2 it; 
and this mult be found by trial. 1 | 


ay? 
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To divide the Ci ets of a Circle into any given Number 
2 of equal Parts, whether even or odd. 


AS there are very uncommon and odd Wen of teeth 
in ſome of the wheels of altronomical clocks, and which 
conſequently could not be cut by any common engine uſed 
by clock-makers for cutting the numbers. of teeth in their 
clock-wheels, I thought proper to ſhew how to divide the 
circumference of a circle into any given odd or even number 
of equal parts, ſo as that number may be laid down upon 
the dividing plate of a cutting engine. 


There is no odd number, but from which, if a certain 
number be ſubtracted, there will remain an even number, 
eaſy to be ſubdivided : thus, ſuppoſing the given number of 
equal diviſions of a circle on the dividing plate to be 69 ; 
ſubtract 9, and there will remain 60. 


Every circle is ſuppoſed to contain 360 degrees: there- 
fore ſay, as the given number of parts in the circle, which 
is 69, is to 360 degrees, ſo is 9 parts to the correſponding 
arc of the circle that will contain them: which arc, by the 
rule of three, will be found to be 46 95-100. Therefore, 
by the line of chords on a common ſcale, or rather on a 
ſector, ſet off 46 95-100 (or 46 9-10) degrees with your 
compaſſes, in the periphery of the circle, and divide that 
are or portion of the circle into 9 equal parts, and the reſt 
of the circle into 60; and the whole will be divides into, 


69 equal Parts, as was required. 


Again, ſuppoſe it were required to divide the circumfe- 
nc of a circle into 83 equal parts; ſubtraR 3, and 80 will 
Oo remain. 


5 
* 
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remain. Then, as 83 parts are to 360 degrees, ſo (by the 


rule of proportion) are 3 parts to 13 degrees and one hun- 
dredth part of a degree; which ſmall fraction may be neg- 
lected. Therefore, by the line of chords, and compaſſes, 
ſet off 13 degrees in the periphery of the circle, and divide 
that portion or arc. into 3 equal parts, and the reſt of the 
circle into 80; and the thing will be done. 


Once more, ſuppole i it were required to divide a given 


circle into 365 equal parts: ſubtract 5, and 360 will re- 


main. Then, as 365 parts are to 360 degrees, ſo are 5 
parts to 4 93-160 degrees. Therefore, ſet off 4 93-100 
(or 4 9-10) degrees in the circle ; diyide that fpace into 5 
equal parts, and the reſt of the circle into 360 ; and the 
whole will be divided into 365 equal parts, as was re- 


1 have often found this rule or method very uſeful in 
dividing circles into an odd number of equal parts, or wheels 
into odd numbers of equal ſized teeth with equal ſpaces be- 


tween them : and now I find it juſt as eaſy to divide any 


given circle into any odd number of equal parts, as td divide 


It into any even number. And, for this purpoſe, I prefer 


the line of chords on a ſector, to that on a plain ſcale ; be- 


cauſe the ſector may be opened ſo, as to make the radius of 


the line of chords upon it equal to the radius of the given 
circle, unleſs the radius of the circle exceeds the whole 
length of the ſector when it is opened ſo as to reſem- 
ble a ſtraight ruler ; ; or ſcale ; and this is what "ey. ſeldom 
happens. 


Any codon who is; uſed to handle the compaſſes, and 
the ſcale or ſector, may very calily, by a little praRice, 
take 


a w RW. a0 Tp: AC” IETF 
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take off degrees, and ſtaftional parts of a degree, by the 
accuracy of his eye, from a line of chords, near enough the 
6 * . 


Suppoſing the Diſtance between the Centers of two Wheels, on 
of which is to turn the other, be given: that the Number of 
Teeth in one of theſe Wheels is different from the Number of 
Teeth in the other, and it is required to make the Diameter: 
of theſe Wheels in ſuch Proportion to one another as their 
Numbers of Teeth are, ſo that the Teeth in both Wheels may 

** of equal Size, and the Spaces between them equal, that 
tither of them may turn avoir it is re- 
nn 13 X 


HERE it is plain, that the diſtance between the centers 
of the wheels is equal to the ſum of both their radii in the 
working parts of the teeth. Therefore, as the number of 
teeth in both wheels, taken together, is to the diſtance be- 
tween their centers, taken in any kind of meaſure, as feet, 
inches, or parts of an inch; ſo is the number of teeth in 
either of the wheels to the radius or ſemi-diameter of that 
— Ee Rn oe 
„ eee SAR] in 


Thus, ſuppoſe the two whe muſt be of fuch 8 as 
to have their diſtances between their centers 5 inches; that 
one wheel is to have 75 teeth, and the other to have 33, 
and that the ſizes of the teeth in both the wheels is equal, ſo 
that either of them may turn the other. The ſum of the 
toeth in both wheels is 108 therefore ſay, as 108 teeth is 
to 5 inches, ſo is 75 teeth to 3 inches and 47 hundred parts 
of an inch; and as 108 is to 5, ſo is 33 to 1 inch and 53 

82 Q 9 2 5 WOW" 1 | 
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hutadred parts of an inch. So that, from the center of the 


wheel of 75 teeth to the working part of any tooth in it, d 
is 3 inches and 47 hundred parts of an inch; and, from the * 
center of the wheel of 33 teeth to the working part of jy 
either of its teeth, is 1 inch and 53 hundred parts of of 
an inch. | 
u] 
m 
General preliminary Rules and Directions for Calculation. th 
FOR the more clear underſtanding this, it muſt be ob- 
ſerved, that thoſe automata (whoſe calculation I chiefly of 
intend) do by little interſtices, or ſtrokes, meaſure out long 5) 
portions of time. Thus the ſtrokes of the balance of a rol 
watch, do meaſure out minutes, hours, days, &c. 

Now to ſcatter thoſe ſtrokes amongſt wheels and pinions, 4 
and to proportionate them, ſo as.to meaſure time regdlarly, w] 
is the deſign of e to 

5 ; * 
„Aal in the det Pines, you are to know, that any wheel bo 
being divided by it's pinions, ſhews how many turns that dia 
pinion hath to one turn of that wheel. Thus a wheel of ſee 
60 teeth driving a pinion of 6, will turn round the pinion gre 
10 times in n going round once. 6)60(10. thi 

mn the faſy-to the balance, the wheels drive the pini- Is t 
ons; and conſequently the pinions run faſter, or go more 
turns, than the wheels they run in. But it is contrary, ] 
from the great wheel to the dial-wheel. Thus, in the laſt hat 
example, the wheel drives round the pinion 10 times : but fine 


if the pinion drove the wheel, it mult turn ro times 10 gre: 
zan EEE * For 
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Before I proceed further, I muſt ſhew how to write 
down the wheels and pinions; which may be done either 
as vulgar fractions, or in the way of divifion in vulgar 
arithmetic. For example, a wheel of 60 moving a pinion 
of 5, may fet down thus, : or thus :5)60: where the 
uppermoſt figure 60, or numerator is the wheel, the lower- 
moſt or denominator, is the pinion : or, in the latter exam- 
ple, the firſt __ Spe en the next without the * 
the wheel. 


The number of turns, which the pinion hath in one turn 
of the wheel, is ſet without a hook on the right hand, as 


5)bo(12; i. e. a pinion 5 playing in a wheel of wy moveth 
wn in ons turn'of the wheel. | 


A whole movement may be noted thus, 43609 | 
+ 45 45 49 ſeventeen notches in the crown 2 5( 1 
wheel. Or rather becauſe it will be eaſieſt 504 

to mean capacities, as you ſee here in the . 
margin: where the uppermoſt number a- | ils Oy” 
bove the line is the pinion of report 4, the 

dial-wheet 36, and 9 turns of the pin of report. The 
ſecond number (under the line) is 5 the pinion, 55 is the 
great wheel, and 11 turns of the pinion it driveth. The 
third numbers are the ſecond wheel, &c. The fourth the 
contrate wheel, &c. And the ſingle number 17 under all, 
is the number of the crown wheel. 


By knowing the number of turns, which any pinion 
hath in one turm of the wheel it worketh in, you may alſo 
find out how many turns a wheel or pinion hath, at a 
greater diſtance ; as the contrate wheel, crown wheel, &c. 
For it is but multiplying together the quotients (by the 

= quotients 
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 quotionts; I commonly mean the number of turns; which 


number is ſet on the right hand, without the hook, as is . 
ſhewn in the laſt example), and the number produced is 


the number of turns. An example will make what I ſay 

; plain: let us chuſe three numbers here ſet 
5)55(11 don ʒ the firſt of which hath 11 turns, the 
5)45(g next q, and the laſt 8. H you multiply 11 
54008 and q, it produceth gg, fur ꝗ times 11 15 99, that 


is in one turn of the wheel 55, there are 99 turns 


of the ſecond pinion 5, or the wheel 40, which runs concen- 
trical, or on the fame arbor with the ſecond pimion '5, © For 
as there are 11 turns of the firſt pinion 5, in one-turn of 
the great wheel 55, or (which is the ſame) of the fecond 
wheel 45, which is on the ſame ſpindle with that pinion 5; 
fo there are ꝙ times 11 turns in the ſecond pinion 5, or 
wheel 40 in one turn of the great wheel 55. If you mul- 
tiply the laſt quotient 8 (that is, 8 times 99 is 792) it ſhews 
the number of turns, which the third and laſt pinion 5 hath, 
So that this third and laſt pinion turns 792 times in one 
turn of the firſt wheel 55. Another example will make it 

ſtill more plain. The example is in the mar- 
8) 80 110 gin. The turns are 10, 9, and 8. Theſe 
6054 s multiplied as before, run thus, viz. 10 times 
5)40(8 9 is go, that is, the pinion 6 (which is the 
— pinion of the third wheel 40, and runs in the 


15 ſecond wheel 54) turns 90 times in one turn of 
the firſt wheel 80. This laſt product go be- 


15 multiplied by 8, produces 920; that is, the pinion 5 
(which is the pin of the crown wheel 15), w daa times 
in one turn of the firſt” wheel, of 80 tecth. | 
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e eee, e e. Packet Watch may b 
+; 445 allen: a 


| Teeth Leaves 
„ eee 12 
Centre wheel 54 6 
Third wheel 48 - 6 
W axdioad. 48 — 6 Le 
Balance wheel - 15 - 2 pallets, 


Thus when the watch is wound up, the chain from the 
ſpring exerts a force upon the fuſee, which gives motion to 
all the parts of the machine. 


The great wheel on the fuſee having 48 teeth, and driv- 
ing the center wheel by a pinion of 12 leaves, make the 
center wheel turn round 4 times in one turn of the fuſce, 
Thus alſo we may account for all others ; for, 


If 12) 48 (4 = Turns of the center wheel, 
So 6) 54 (9 = Turns of the third wheel. 
6) 48 (8 = Turns of the contrate wheel, 
6) 48 (8 = Turns of the balance. 


Then multiply theſe ſeveral quotients together ſucceſſive- 
ly, and you will find the turns of each of thoſe wheels re- 
ſpectively, in one turn of the fuſee. | 


Thus 1 turn of the fuſee, or great wheel; 4 mul. 1 = 
to 4 turns of the center wheel ; ꝙ mul. 4, mul. 1 = to 
36 turns of the third wheel; 8 mul. 9, mul. 4. mul. 1 = 
0 288 turns of the contrate wheel; 8 mul, 9 mul. 4 mul, 
* I | = 12 2394 tums of the balance heel... 
| | 6 And 
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And the balance wheel having 15 teeth, and each ſtrik. 
ing a pallet twice in one revolution, there will be'thirty 
ſtrokes upon the axis of the balance, which are called the 
beats of the balance: conſequently there muſt be 2304 mul. 
30 = 69120 ſtrokes or ! in one turn of the fuſee or 
great Wheel. 


But though theſe particulars are neceſſary to be premiſed. 
our principal regard, in the diviſion of time, is to be paid to 
the center wheel. For this wheel alone is that upon which 
both the hour and minute hand is moved or carried round 
upon the face of the watch, to ſhew the holy of the day, and 
the minute of the hour, &ec, 


If we would find out the number of beats of the balance 
in the time of thoſe turns above-mentioned, it muſt be 
noted, that as the watch goes thirty hours, and the minute 
hand, and conſequently the center wheel goes round once 


in an hour, the ſaid center wheel will have thirty turns in the 
time of the watch's going round; and becauſe it hath four 


turns in one of the ſuſee, therefore we muſt ſay 4(30) = 
74 = the number of turns of the ſuſee, in winding up the 
watch. Whence we find 69120 mul. 7, 5 = 518400= 
the number of the beats in 30 hours. Then if we divide 
518400 by zo, the quotient will be 17280 == number 
of beats in an hour, which is called the train of a watch; 
which train is called ſwifter or ſlower, as the number 
of beats in an hour is more or leſs: ſo again, if we di- 
vide this train 17280 by 3600, the ſeconds in an hour, 


the quotient will be almoſt 5» or almoſt 5 beats per ſecond 


# ſuch a watch. 
By 


* 
tl 
ti 
d 


In, 


- USEBUL KNOWLEDGE. 


by 8 is eaſy to form an idea of the nates of 


Loudon for the numbers of the teeth and leaves for the 


ſeveral wheels and pinions in a watch; which may further 
| be illuſtrated by an example of a train 14400, which will 


beat quarter ſeconds, becauſe ſuch a train is uſeful in 


776 


of time. 


3 then it 
vill be found that 14400 multiplied by 42 = 460800 — 
the beats of the balance in 32 hours, And if the number of 
turns in the fuſee be 8, eee 2. 
dete one; due af the an | 


Agait, ſuppoſe the number of teeth in the balance wheel, 
be 15, there will be 3o beats in one turn of this wheel; 
then 30) 57600 ( 192, Which will be the number 
ariſing from the continued multiplication, of all the quo- 
tients of the wheels, divided by the pinions they drive 


o as has been al- | 


ready exemplified, | 


Our next care is eee 1 de conve- 
nient ſmall numbers, which multiplied together, ſhall make 
the ſame number 1920. Then I fay 4) 1920 ( == 480+ 
Again, I ſay 60480 =. And as J plainly ſee that 8&0 = 
$ multiplied by 10, conſequently the four numbers ſought 


for, are 4, 6, 8, and 10: becauſe multiply theſe numbers 
together, Sith Lok extly 1926, e 


. Ae 10 46-900, 7/5. 


eee thus Inlightad, we may a 
large numbers, divided by ſmall ones, will produce the faid 
EP? quotients z 


* 


q 
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quotients; thi I 2)48(=4. Conſequently, if we allow 48 


teeth to the great wheel on tho fuſce, it muſt drive a pini- 


on of 12 on the center wheel. So again, if for the quotient 
6, we chuſe 54 and 9, thus 9)54(=6,it ſhews that the teeth of 
the center wheel may be 54; and it muſt drive : a pinion of 
9 on the third wheel. Or, if inſtead of 54 and 9, we chuſe 
48 and 8, it will anſwer the ſame end, thus 8)48(=6. As 
for the quotient 10, We may eaſily perceive that 50 and 5 
will anſwer the enquiry, thus $)5o(= 10: ſo the third wheel 
having 50 teeth, muſt drive a pinion of 5 on the contrate 
wheel. Where note, that if the ſaid wheel has 40 or 60 
teeth, and drive a pinion of 4 or 6, we ſhall find the ſame 
number of turns exactly. And as for the quotient 8, we 
have the number 48 and 6: thus 6)48(=8 : or 7)56(= 8: 


or 5040 =: therefore if the contrate wheel be allowed 


40, or 48, or 56 teeth, it will drive a pinion of 5, 6, or 7 
leave « on the balance wheel. 


Thus it is to determine and: adjuſt all the wheels and 
pinions in the body of a watch, from the ſuſee to the ba- 
lance, ſo far as to relate to the minute of an hour, and to 
the ſecond and quarter ſeconds of a minute. 


© Having ſhewed, as clearly as 1 can, "ihe way of calculat- 
ing numbers for the watch- . I * alſo briefly ſhew 


ISY 


Although this. part conſiſt of many 115 and pinions, 
yet reſpe& needs to be had only 1 to the count wheel, ſtrik- 
ing-wheel, and detent-wheel, which move. round in this 


proportion; the count-wheel B moveth round commonly 


once in 12, or 24 hours. The detent - wheel moyes round 


1 
8 
* 
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-verv (ole tue clock ſtriketh, ſornetimes but once in two. 
ſtro A From whence i it Follows,” 
1. That as many pins as are in the Ws ſo many 
turns hath the detent-whee, in one turn of the pin-wheel. 6.24 
Or (which is the ſame) the pins of the pin-wheel.are the 
| quotient of that Wheel, divided by the pinion of the detent- 
wheel.” But if the detent-wheel moveth but once round 
in two Rrokes of the clock, then the faid ea is but 
n n = 
2. AV chad ny emis of hl 4 75 50 as are required to. 
perfortn the ſtrokes" of 12 hours (which are 78), ſo many 
turns muſt the pinion of report have,” to turn round the 
count-wheel once. Or, thus : divide. 78 by the number 
of ſtriking-pins, and the quotient thereof ſhall be the quo-. 
tient for tlie pinion” of report, and the count Wheel. Al 
this is, in caſe the pinion of report be fixed to the arbor of 
the pin NO as is very Og done. 


All this 1 9 plain: or if it be not, the ex” 
ample in the margin will clear all difficul- . 
ties, Here the locking wheel A is 48, the 8)48(6 . 
pinion of report is 8, the pin-wheel is 78, 
the ſtriking pins are 13. And ſo the reſt. 6)78(13 pins 
| need only to cemark here, that 78 being 6)06⁰⁰¹⁰ 
divided by the I3 pins, gives 6; which is ine 
the quotient ot the pinion of report O: | 
as was before hinted; and the notches of the kits B, 
lee to let the locking. piece C fall into; Which comes 


411 2 
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As for as warning-wheel and flying-pinion, it matterg 
little what numbers they have, their uſe being only to 


bridle the rapidity of the motion of the other wheels. 


Numbers of ſeveral Sorts of Movements. 


Although I have before given ſuch plain directions, as 
may, I hope, accompliſh a young practitioner in the art 
of calculation; yet it may be very convenient to ſet down 
ſome numbers fit for ſeveral movements ; partly to be as 
examples to exerciſe the young reader ; and partly, to 
ferve ſuch, who want leiſure or underſtanding | to (App to 
the art of calculation. | 


Numbers 'of an eight-day piece, with 16 turns of the 
barrel, the pendulum vibrates ſeconds, and ſhews minutes, 
ſeconds, &c, | 


8) 96 | | 8)78 | 

8 40.60% 756 8 pins. 

7056 ee 287 
30 | | * 


In the watch part, the wheel 60 is the minute-wheel 
which is ſet in the middle of the clock, that its ſpindle 
may go through the middle of the dial- plate to cory” te 
minute hand. | 

Alſo on this ſpindle is the wheel 40, a, which driveth an- 
other wheel b of 40, which laſt hath a pinion 6, c, which 
driyeth round the wheel 72 0 di in 12 hours, Note here two 

| | things: 


= RW es @, ex @ oo i= = rj > imma vv mm ao ww” 
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things« | 1. That the tw o wheels 40, are of no other uſe, 


minute- wheel, to drive the wheel 72, whick is concentrical 
with the minute-wheel. For a pinion 6 driving a wheel 
72, would he ſufficjent, if the minute-hand and hour-hand 
had two different centers. 2. "Theſe numbers, 60---40) 
40---6)72, ſet thus, ought according as above to be thus 
read, viz. . The wheel 60, hath another wheel 40 on the 
ſame ſpindle ; which wheel 40 divideth (playeth in; or 
turns round) another wheel 40; which hath a pinion 6 
concentrical with it: which pinion driveth or divideth a 
wheel of 72. For a line parting two numbers (as 60--48) 
denoteth thoſe two numbers: to be concentrical, or to be 
placed upon the ſame ſpindle. And when two numbers 
have a hook between them (as 48) 48) it ſignifies one to 
run in the other, 


In the Ariking- , there are 8 pins on the ſecond-wheel 
56. The count-wheel may be fixed unto the great wheel, 
which goeth round once in 12 hours. 


A piece of 32 days, with 16 turns both parts: the watch 


ſheweth hours, minutes, and ſeconds ; and the pendulum 
Nbrateth ſeconds. 


Watch Eo Striking part. 
With a. With 16 turns. 
16)96 10)1 
922 | 24 pins 
F-48672 896 * 2039 
7 56 N | 52 2 double hoop. 
30 1 


but to ſet the pinion 6 at a convenient diſtance from the 


- 


— 
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The pinion of report is fixed on the end of the arbõr of 


the'pin-wheel, This "ow is ra, mn 393 ; 
thus; 12739. * 


A two months piece wh 497 4 with'16 wen bath. | 
dum -vibrüteth n and _—_ Mons ſeconds, &c. 


wach Clock part. 
act part. ava 0 part. 
00 N 1 
——4 72 | 4 
7555 984 1 „ 
— . able hoop: 


Hoe me ue ei W. Smet Aich alſb car. 
rieth the pinion of report 8, driving the count- wheel $2. 


FF aw rig mes with apa, Fame Net mo- 


tons as before. 
N TY 0 , 

The watch, | m. clock, 
8)56 415 Gow 95 
THT: 8 927014 vil 
6)45--48448-6)72 = | 8)64-16 pins” || 
5)40 8 double hoop, 

30 THE 1 


A year- piece, of 384 . with turns, ner. and 
motions, as before. 


Q a. S 


S S8 = 
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| The watch. 1 The clock. 
12)108 4 Mc: LO 
8 10% 20 
96540 48-607 6788 8 
8000 48048-0072 6078.26 pings 
155 = 62 beben. 
30 1; » hy ' | We 


If you hed nigh few the plain of report of the ſpindle 
of the pin-wheel, it muſt be 1 3)39- 1 


Ae 45 dikes, pricluturn about 6 inches. | 


| The watch, . Yo} 532808 he cocks 
6)78 ? 16078 13 pi 
TI $619 95 3 pins. 
92 * oy . i 8 
15 
A 30 hour piece to unn 
Watch part. | Clack gan. 
| | 6)78 13 pins 
6054 
T2 
I 
Repeating Wark, 


LET A be a piece of braſs cut down in twelve ein 
ſteps i in form of-a ſnail (from whence it takes its name) as Fig. 1 
in the figure; let this be fixed on the ſocket of the hour 
Wheel ; and BG L F the rack, with fourteen teeth, turn- 
ing on its center L, having a ſpring H to foece the end F 
upon 
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upon the ſteps of the ſnail A, when at liberty. The pin at 


I in the motion wheel, takes hold of the lifting piece D M 
K, and the end K, in riſing, lift up the hook C which lays 
in the teeth of the rack, and riſes until the teeth are dif. 
engaged from it; the end F then falls down and flops 
againſt the ſteps of the ſnail A, which 1 in the figure is at 
two o'glock. 


Tue arbor of the third or gathering wheel m, (ſig. 2.) 
comes through the plate, on which the pallet E m (hg 1 ) 
is fixed; a turn of which anſwering to one ſtroke of the 
hammer, gathers the rack up one tooth; 12 ſteps of the 
ſnail, anſwers 12 teeth in the rack; and when the gathering 
pallet E m, has taken as many teeth in the rack, as the 


number of the hour, the end E of the pallet, ſtops againſt 


a pin in the rack at G, and is there at reſt until the hook 
C is again lifted out of the . by the lifting 22 as 
before. ' 

When the hook C is lifted o out of the teeth. of the rack, 
the clock would ſtrike continually, as the hook being out 
of the teeth, prevents the rack being gathered up; but that 
the end K of the lifting piece has a ſmall arm which goes 


through the plate, and a pin in the wheel n, which ſtops 


againſt it in ſuch a manner, that when the lifting piece is 
ſuffered to fall by the pin I, having gone paſt the pin in the 
rim of the wheel n, it is clear of the arm at the end of the 
lifting piece K; the wheel being then at liberty, the clock 
ſtrikes until the gathering pallet E, ſtops againſt the pin of 
the rack at G as before. By putting a ſmall ſtring. to the 


. . top end of the ſpring 8, to come through the caſe, it 


may be made to ſtrike the laſt hour at any time, except 
W oor, of 2 
; „ ASTRO 
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A brief Deſcription of the Solar Syſlem. 


HE ſun, with the planets and comets which move 

4 ound him as their center, conſtitute the ſolar ſyſtem, 
Thoſe planets which are near the ſun not only finiſh their 
circuits ſooner, but likewiſe move faſter in their reſpective 
orbits, than thoſe which are more remote to him. Their 
motions are all performed from welt to eaſt, in orbits near- 
ly circular. Their names, diſtances, bulks, and periodical 
revolutions, are as follow. | 


The ſun, an immenſe globe of fire, is placed near the 
common center of all the planets, and turns round his axis 
in 25 days 6 hours, as is evident by the motion of ſpots - 
ſcen on his ſurface, which have often been remarked to- 


keep this time before they diſappeared. His diameter is 


computed to be 763,000 miles; all planets ſeen from him, 
move the ſame way, and according to the order of the ſigns 
in the graduated circle Aries, Taurus, Gemini, Cancer, 
&c. which repreſents the great ecliptic in the heavens; but 
as ſeen from any one planet, the reſt appears ſometimes to 
£0 backward, and ſometimes forward, and ſometimes to 
ſtand ſtill; not in circles nor eclipſes; but in looped curves 
which never return into themſelves. ; 


Qq Mercury 
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Mercury, the neareſt planet to the ſun, goes round him 


in 87 days 23 hours of our time nearly; Which is the 


the length of his year. But being ſeldom ſeen, and no 
ſpots appearing upon his ſurface or diſc, the time of his ro- 
tation on his axis, or the length of his days and nights, is as 
yet unknown. His diſtance from the tun, is computed to 
be 32,000,000 of miles, and his diameter 2600. In his 


- courſe round the ſun, he moves at the rate of 95,000 miles 


every hour. His light and heat from the ſun are almoſt 
ſeven times as great as ours; and the ſun appears to him 
almoſt ſeven times as large as to us. 


His orbit js inclined ſeven degrees to the ecliptic ; and 
that node from which he aſcends northward above the 
ecliptic, is in the 14th degree of Taurus; the oppoſite in 
the 14th degree of Scorpio. The earth is in theſe points 
on the 6th of November, and 4th of May, new ſtile ; and 
when Mercury comes to either of his nodes, when he is 


| between the earth and ſun in the nearer part of his orbit, he 


will appear to paſs over the diſc or face of the ſun like a 
dark round ſpot. . But in all other parts of his orbit, his 
conjunctions are inviſible, becauſe he either goes above or 
below the lun. | 


According to Mr. Whiſton, he will appear On the ſun's 


diſc in 1789, Dec. 6th. at 3h. 55m. in the afternoon: 1799, 
May 7th, at 2h. 34m. in the afternoon. There will be 
ſeveral intermediate tranſits, but none of them viſible in 
this latitude. | 


4 


Venus, 9 next planet in order, is computed to be 
59,000,009 miles from the ſun; and by moving at the rate 
V2 Fug. 1 | 64, | 2% of 
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of 69,000 miles every hour in her orbit, ſhe goes round 
the ſun in 224 days 17 hours of our time nearly ; in which, 
| though it be the full length of her year, ſhe has only nine 
days one quarter, according to the beſt obſervations, fo 
that to her, every day and night together is 4s 24 1-3d 
days and nights with us. This odd 1-Ath of a day in 
every year makes every fourth year a leap-year to Venus, 
as the like does to our earth. Her diameter is 7906 miles; 
and by her diurnal motion, the inhabitants about her equa- 
tor are carried 43 miles every hour, beſides that 69,000 
above-mentioned. | 


Venus's orbit is inclined 3 1-half degrees to the earth's, 
and croſſes it in the 14th degree of Gemini and of Sagit- 
tarius, 7 


The axis of Venus is inclined 75 degrees to the axis of 
her orbit: which is 51 1-half degrees more than our earth's 
axis is inclined to the axis of the ecliptic ; and therefore, 
her ſeaſons vary much more than ours do. The north pole 
of her axis inclines toward the 20th degree of Aquarius, 
our earth's to the beginning of Cancer; conſequently the 
northern parts of Venus have ſummer in the ſigns where 
thoſe of our earth have winter, and vice verſa. 


As her annual revolution contains only 9 1-4th of her 
days, the ſun will always appear to go through a whole 


ſign; or twelfth part of her orbit, in little more than three 
quarters of her natural day, or nearly in 13 3-4ths of our 


days and nights. 


She ſhews the ſame appearances to us regularly every 
eight years; her conjunctions, elongations, and times of 
242 | riſing 


I oon. ö 
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riſing and ſetting, being very nearly the ſame on the ſame 


days as before. 


Y The earth is the next planet above Venus in the fyſtem. 
It is 82,000,000 of miles from the ſun, and goes round 
him in 365 days 5 hours 49 minutes, from any equinox 
or ſolſtice to the ſame again : but from any fixed ſtar to 
the ſame again, as ſeen from the ſun, in 365 days 6 hours 
and 9 minutes, the former being the length of the tropical 


year, and the latter the length of the ſydereal. It travels 


at the rate of 58,000 miles every hour, which motion, 
though 120 times ſwifter than that of a cannon-ball, is little 
more than half as ſwift as Mercury's motion in his orbit. 
The earth's diameter is 7970 miles ; and by turning round 
its axis every 24 hours from welt to eaſt, it cauſes an ap- 
parent diurnal motion of all the heavenly bodies from eaſt 
to weſt, By this rapid motion of the earth on its axis, the 
inhabitants about the equator are carried 1042 miles every 


hour, while thoſe on the parallel of London are carried only 
about 580, beſides the 58,000 miles by the annual motion 


above-mentioned, which is common to all places whatever. 
The earth's axis makes an angle of 234 degrees with the 
axis of its orbit; and keeps nearly the ſame oblique direc- 
tion, inclining toward the fame fixed ſtars throughout its 
annual courſe, which cauſes the return of ſpring, ſummer, 
autumn, and winter. 


The moon is not a planet, but only a ſatellite or attend- 
ant of the earth, going round the earth frem change to 
change, in 29 days, 12 hours, and 44 minutes; and round 
the ſun with it every year. The moon's diameter is 2180 


miles; and her diſtance from the earth's center 24,000. 


She goes round her orbit in 27 days, 7 hours, 43 minutes, 
moving 
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moving about 2290 miles every hour; and turns round 
her axis exactly in the time that ſhe goes round the earth, 
which is the reaſon of her keeping always the ſame ſide 
towards us; and that her day and night together, is as long 
a5 our lunar month. 


The moon is an opaque globe like the earth, and ſhines 

only by reflecting the light of the ſun; therefore, whilſt 
that half of her which is towards the ſun is enlightened, 
the other half muſt be dark and inviſible. Hence, the diſ- 
appears when ſhe comes between us and the ſun, becauſe 
her dark fide is then towards us. When ſhe is gone a 
little forward, we ſee a little of her enlightened ſide : 
which ſtill increaſes to our view, as ſhe advances forward, 
until ſhe comes to be oppoſite to the ſun, and then her 
whole enlightened ſide is towards the earth, and ſhe ap- 
pears with a round illuminated orb, which we call the full 
moon; her dark fide being then turned away from the 
earth, From the full, ſhe ſeems to decreaſe gradually, as 
{he goes through the other half of her courſe; ſhewing us 
leſs and leſs of her enlightened ſide every day, till her next 
change or conjunction with the ſun, and then ſhe diſap- 
pears as before. 

This continual change of the moon's phaſes demon- 
ſtrates, that ſhe ſhines not by any light of her own: for if 
ſhe did, being globular, we ſhould always ſee her with a 
round full orb, like the ſun. She has very little difference 
of ſeaſons, her axis being almoſt perpendicular to the eclip- 
tic, What is very ſingular, one half of her has no dark- 
neſs at all; the earth conſtantly affording it a ſtrong light 
in the ſun's abſence; while the other half has a fortnight's 


Carkneſs, and a fortnight's light, by turns. 


Our 
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Oiur earth is a moon to the moon, waxing and weahing, 
regularly, but appearing thirteen times as big; and affording 
her thirteen times as much light as ſhe dves to us. When 
the changes to us, the earth appears full to her; and when 
ſhe is in her firſt quarter to us, the earth is in its third quar- 
ter to her, and viec verſa. 


But from one half of the moon, the earth is never ſeen 
at all: from the middle of the other half, it is always ſeen 
over head: turning round almoſt thirty times as quick as 
the moon does. From the circle which limits our view of 
the moon, only one half of the earth-ſide-next her is ſeen; 
the other half being hid below the horizon of all places on 
that circle. To her the earth ſeems to be the biggeſt body 
in the univerſe, for it appears 13 times as big as ſhe does 
to us. Her orbit croſſes the ecliptic in two oppoſite points 
called the moon's nodes; ſo that one half of her orbit is 
above the ecliptic, and the other below it. The angle of 
obliquity is 5 1-3d degrees, as the earth turns round its axis, 
the ſeveral continents, ſeas, and iſlands, appear to the 
moon's inhabitants like ſo many ſpots of different forms and 
brightneſs, moving over its ſurface ; but much fainter at 
ſome times than others, as our clouds cover them or leave 


them. By theſe ſpots the lunarians can determine the time 


of the earth's diurnal motion, juſt as we do the motion of 
the ſun; and perhaps they meaſure their time by the 
motion of the earth's ſpots, for they cangot have a truer 
dial. - 


The planet Mars is next in order, being the firſt above 
the earth's orbit ; his diſtance from the ſun is'computed to be 
125,000,000 of miles; and he moves at the rate of 470c0 
miles every hour; he gocs round the ſun in 686 of our days 


and 


L 
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and 23 hours; Which is the length of his year, and contains 

667 3-4ths of his days; every day and night together be- 

ing 40 minutes longer than with us. His diameter is 4444 
miles, and by his diurnal rotation, the inhabitants about 
his equator are carried 556 miles every hour. His quan- 
tity of light and heat is equal but to one half of ours; and 
the ſun appears but half as big to him as to us. f 


This planet being but a fifth part ſo big as the earth, if 
any moon attends him, ſhe muſt be very ſmall, and has not 
yet been diſcovered by our beſt teleſcopes. - He is of a fiery 
red colour, and by his appulſes to ſome of the fixed ſtars, 
ſeems to be encompaſſed by a very groſs atmoſphere. He 
appears ſometimes gibbous, but never horned, which both 
ſhews that his orbit includes the earth within it, and that he 
ſhines not by his own Dy 


'To Mars our earth ads moon appear like two moons, a 
bigger and a leſs, changing places with one another, and 
appearing ſometimes horned, ſometimes half or three quar- 
ters illuminated, but never full; nor at moſt above one 
quarter of a degree from each other, 9 a ß 240 
thouſand miles aſunder. 


Our nigh appears almoſt as big to Mars as Venus does 
to us, and at Mars it is never ſeen above 48 degrees from 
the ſun; ſometimes it appears to paſs over the diſs of the 
lun, and ſo do Mercury and Venus: but Mercury can never 
be ſeen from Mars, by ſuch eyes as ours, unaſſiſted by pro- 
2 proper - inſtruments; and Venus will be as ſeldom ſeen as 
6 we ſee Mercury. Jupiter and Saturn are as viſible to Mars 
0 as to us. His axis is perpendicular to the _ and his 


5 orbit is two degrees inclined tc to it. u | 
d 2 | 
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Jupiter, the biggeſt of all the planets, is ſtill higher in 
the ſyſtem, being about 426 millions of miles from the ſun: 
and going at the rate of 25 thoufarid-miles every hour in his 


orbit, finiſhes, his annual period in eleven of our years 314 


days and 12 hours. He is above 1000 times as big as the 
earth, for his diameter is 81,000» miles; which is more 
than ten times the diameter of the earth. 


Jupiter turns round his axis in 9 hours 56 minutes; ſo 
that his year contains 10 thouſand 470 days; and the diur- 
nal velocity of his equatoreal parts is greater than the ſwiſt- 
nefs with which he moves in his annual orbit; a ſingular 


cCircumſtance, as far as We En.W¼˖!. By this prodigious 


Nis belts 
and ſpots. 


| He has no 
e hange of 
teaſons; 


quick rotation, his equatoreal inhabitants ate carried 25 


thouſand 920. miles every hour {whieh' is 920 miles an 


hour more than an inhabitant of our earth's equator moves 
in twenty-four hours) beſides the 25 thouſand above-men- 


tioned,” which is common to al youu of his 0430-4 his 


atraal motion. 


Jupiter i is ſurrounded by faint fabſtances, called belts, in 
which fo many changes appear, that they are generally 
thought to be clouds: for ſome of them have been firſt 
interrupted and broken, and then have vaniſhed entirely. 
They have ſometimes been obſcrved of different breadths 
and aſterwards have all become nearly of the ſame breadth. 
Large ſpots have been ſeen in theſe belts ; and when a belt 
vaniſhes, the contiguous ſpots diſappear with it. 


The axis of Jupiter is ſo nearly perpendicular to his 
orbit, that he has no ſenſible change of ſeaſons ;' which is 
a great advantage, and wiſely ordered by the Author of na- 


ture. For, if the axis of this planet were inclined any con- 


ſider able, 
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ſderable number of degrees, juſt ſo many degrees round 
each pole would in their turn be almolt ſix of our years to- 
gether in darkneſs. And, as each degree of a great circle 
on Jupiter contains 706 of our miles at a mean rate, it is 


eaſy to judge what vaſt tracts of land would be rendered un- 


inhabitable by any conſiderable inclination of his axis. 
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The fun appears but 1-28th part ſo big to Jupiter as to but has 
four moons. 


us; and his light and heat are in the fame fmall propor- 
tion, but compenſated by the quick returns thereof, and by 


four moons (ſome bigger and ſome leſs than our earth) 


which revolve about him: ſo that there is ſcarce any part 
of this huge planet but what is during the whole night en- 
lightened by one or more of theſe moons, except his poles, 
whence only the fartheſt moons can be ſeen, and where 
their light is not wanted, becauſe the ſun conſtantly circu- 
culates in or near the horizon, and is very probably kept in 
view of both poles by the refraction of Jupiter's atmoſphere, 
which, if it be like ours, has certainly refractive power 
enough for that purpoſe. 


The orbits of theſe moons are repreſented i in this ſcheme Their pe- 


of the ſolar ſyſtem by four ſmall circles on Jupiter's orbit, jup 


but they are drawn fifty times too large in proportion to it. 
The firſt moon, or that neareſt to Jupiter, goes round him 
in 1 day 18 hours and 36 minutes of our time; andis 229 


thouſand miles diſtant from his center: The ſecond per- 


forms its revolution in three days 13 hours and 15 minutes, 
at 364 thouſand miles diſtance: The third in 7 days 3 hours 
aud 59 minutes, at the diſtance of 580 thouſand miles: And 
the fourth, or outermoſt, in 16 days 18 hours and 30 min. 
at the diſtance of 1 million of miles from his center. 


þ Re 1 
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Two grand Tupiter's three neareſt moons fall into his ſhadow, and 


* are eclipſed in every revolution: but the orbit of the fourth 
_ moon is ſo much inclined, that it paſſeth by its oppoſition 
moons. to Jupiter, without falling into his ſhadow, two years in 
every ſix. By theſe eclipſes, aſtronomers have not only dif. 
covered that the ſun's light takes up eight minutes of time 
in coming to us; but they have alſo determined the longi- 
tudes of-places on this earth with greater certainty and faci- 


lity, than by any other method yet known. 


The place Jupiter's orbit is 1 degree 20 minutes inclined to the 
of his nodes ecliptic. His north node is in the 7th degree of Cancer, 
and his ſouth node in the 7th degree of Capricorn, 


Saturn, Saturn, next in order, is about 780 millions of miles 
from the ſun; and travelling at the rate of 18 thouſand 
miles every hour, performs its annual circuit in 29 years 
167 days and 5 hours of our time ; which makes only one 
year to that planet. Its diameter is 67,000 miles; and 

_ therefore it is near 600 times as big as the earth. 


His ring, This planet is ſurrounded by a thin broad ring, as an ar- 
. tificial globe is by a horizon. The ring appears double 
when ſeen through a good teleſcope. It is inclined 30 de- 
grees to the ecliptic, and is about 21 thouſand miles in 
breadth : which is equal to its diſtance from Saturn on all 
ſides. There is reaſon to believe that the ring turns round its 
axis, becauſe, when it isalmoſt edgewiſe tous, ĩt appears ſome- 
what thicker on one fide of the planet than on the other; and 
the thickeſt edge has been ſeen on different ſides at different 
times. But Saturn having no viſible ſpots on his body, 
whereby to determine the time of his turning round his axis, 

| | the 
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the length of his days and nights, and the Nes of his 
axis, are unknown to us at preſent, 


To Saturn, the ſun appears only 1-9oth part ſo big as to His five | 
us; and the light and heat he receives from the ſun are in 
the ſame proportion to ours. But to compenſate for the 
ſmall quantity of ſun-light, he has five moons, all going 
round him on the outſide of his ring, and nearly in the fame 
plane with it. The firſt, or neareſt moon to Saturn, goes 
round him in one day 21 hours 19 minutes; and is 140 
thouſand miles from his center, The ſecond, in 2 days 17 
hours 40 minutes; at the diſtance of 187 thouſand miles, 

The third, in 4 days 10 hours 25 minutes; at 263 thous 
ſand miles diſtance. The fourth, in 15 days 22 hours 4r 
minutes ; at the diſtance of 600 thouſand miles. And the 
fiſth, or outermoſt, at 1 million 800 thouſand miles from 
Saturn's center, goes round him in 72 days 7 hours 48 
minutes. Their orbits in the ſcheme of the ſolar ſyſtem 
are repreſented by the five ſmall circles, on Saturn's orbit ; 
but theſe, like the orbits of the other ſatellites, are drawn 
hfty times too large in prophetion to the hom of their pri 


mary planets. 


This ring, ſeen from Saturn, appears like a vaſt luminous ,, de 
arch in the heavens, as if it did not belong to the planet. 3 
When we ſee the ring moſt open, its ſhadow upon the pla- and to us. 
net is broadeſt: and from that time the ſhadow grows na- 
tower, as the ring appears to do to us; until, by Saturn's 
annual motion, the ſun comes to the plane of the ring, or 
even with its edge; which being then directed towards us, 
decomes inviſible on account of its thinneſs. The ring bs ada 
diſappears twice in every annual revolution of Saturn, figns ww 
namely, when he is in the 19th degree both of Piſces and of tot b. 


Rr2 Virgo, ring; and in 
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whatfizns it Virgo. And when Saturn is in the middle between theſe 
_ . points, or in the 19th degree either of Gemini or of Sagitta- 
© us, rius, his ring appears moſt open to us; and then its longeſt 


diameter is to its ſhorteſt, as 9 to 4. 


Places of The orbit of Saturn is 23 degrees inclined to the ecliptic, 

nodes, or orbit of our earth, and interſects it in the 21ſt degree of 
Cancer and of Capricorn; ſo that Saturn's nodes are only 
14 degrees from Jupiter's. 


Georgium On the 13th day of March, 1781, between the hours of 
Sidus. ten and twelve at night, as Dr. Herſchell, the Aſtronomer 
Royal, at Windſor, was attempting to diſcover the paral- 
lax of the ſtars, by means of double, triple, and quadruple 
fixed ſtars, he diſcovered a new planet, belonging to our 
ſyſtem, as he was examining the ſmall ſtars near the feet of 
Gemini, which he named Georgium Sidus, in honour to 
our-preſent ſovereign : it is ſeldom to be ſeen very plainly 
by the naked eye; it is nearly the colour of Jupiter, or 
ſomewhat paler and more faint, and its apparent diameter 
about 4 ſeconds, by the calculation of M. De la Lande; 


we are told that his diſtance from the .ſun is 19 times far- 


ther than the earth is; and its diameter is 4 1-half times 
that of the earth's, 


* 


Ie is ey Every perſon who looks upon, and compares the ſyſ- 


3 tems of moons together, which belong to Jupiter and Sa- 
chat all 5 
ing "re turn, muſt be amazed at the vaſt magnitude of theſe two 


inhabited. 


planets, and the noble attendance they have in reſpect of 
our little earth: and can never bring himſelf to think, that 
an infinitely wiſe Creator ſhould diſpoſe of all his animals 
and vegetables here, leaving the other planets bare and deſti- 
tute of rational creatures. To ſuppoſe that he had any 
: view 
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view to. our benefit in creating theſe moons, and giving 
them their motions round Jupiter and Saturn; to imagine 
that he intended theſe vaſt bodies for any advantage to us, 
when he well knew that they could never be ſeen but by a few 
aſtronomers peeping through teleſcopes ; and that he gave 
to the planets regular returns of days and nights, and dif- 
ferent ſeaſons to all where they would be convenient; but 
of no manner of ſervice to us; except only what imme- 
diately regards our own planet the earth; to imagine, I 
ſay, that he did all this on our account; would be charging 
him impiouſly with having done much in vain; and as 
abſurd, as to imagine that he has created a little ſun and a 
planetary ſyſtem within the ſhell of our earth, and intended 
them for our ufe. Theſe conſiderations amount to little 
leſs than a poſitive proof, that all the planets are inhabited: 
for if they are not, why all this care in furniſhing them 
with ſo many moons, to ſupply thoſe with light which are 
at the greater diſtances from the ſun? Do we not ſee, that 
the farther a planet is from the ſun, the greater apparatus 
it has for that purpoſe? ſave only Mars, which being but 
a ſmall planet, may have moons too ſmall to be ſeen by 
us. And Georgium Sidus being at too great a diſtance for 
us to attain any knowledge of his moons. We know that 
the earth goes round the ſun, and turns round its own axis, 
to produce the viciſſitudes of ſummer and winter by the 
former, and of day and night by the latter motion, for the 
benefit of its inhabitants. May we not then fairly con- 
clude, by parity of reaſon, that the end and deſign of all 
the other planets is the ſame; and is not this agreeable to 
the beautiful harmony which exiſts throughout the uni- 
verſe? Surely it is: and raiſes in us the moſt magnificent 
ideas of the Supreme Being, who is every where, and at 
all times preſent ; diſplaying his power, wiſdom, and good- 
Oo, neſs 
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neſs among all his creatures! and diſtributing happineſs te 


innumerable ranks of various beings ! 


Aſtronomical Characters efplained, 


„ Aries. 

& Taurus. 
1 Gemini. 
25 Cancer. 


H Saturn. 


N Jupiter. 
# Mars. 


O Sol, (the Sun) 


2 Venus. T1 


N Leo. 
M Virgo. 
Libra. 
m Scorpio. 


| $ Mercury. 
) Luna, (the 
Moon) 


8 Moon's north 
| node. 


I Sagitary. 


1 Capricorn, 
& Aquarius, 
= Piſces. 


& Her ſouth 
node, 
© Tellus, Terra, 
(or the Earth) 


Conjunction when planets are in the ſame ſign, deg, 


min, &c. 


* Sextile when 2 ſigns diſt. A Trine when 4 ſigns diſt, 
o 8 when 3. ligns | Oppoſition when 6 ſigns 
2 9 


Evory planet and ſatellite is illuminated by the ſun; and 
caſts a ſhadow towards that point of the heaven which is 
oppoſite to the ſun. This ſhadow is nothing but a priva- 
tion of light in the ſpace hid from the ſun by the opaque 
body that intercepts his rays, 


When the ſun's light is ſo intercepted by the moon, that 
to any place of the earth the ſun appears partly or wholly 
covered, he is ſaid to undergo an eclipſe ; though, properly 
ſpeaking, it is only an eclipſe of that part of the earth 
where the moon's ſhadow or penumbra falls. When the 
earth comes between the ſun and moon, the moon falls 


qua 
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into the earth's ſhadow ; and having no light of her own, 
ſhe ſuffers a real eclipſe from the interception of the ſun's 
rays. When the ſun is eclipſed to us, the moon's inhabi- 
tants on the ſide next the earth (if any ſuch there be) ſee 
her ſhadow like a dark ſpot travelling over the earth, about 
twice as faſtas its equatoreal parts move, and the ſame way 
as they move. When the moon is in an eclipſe, the fun 
appears eclipſed to her, total to all thoſe parts on which the 
earth's ſhadow falls, and of as long continuance as * 
are in the ſhadow. 


If the earth and ſun were equally big, the earth's ſha- 
dow would be infinitely extended, and all of the ſame. bulk ; 
and the planet Mars, in either of its nodes, and oppoſite to the 


ſun, would be eclipſed in the earth's ſhadow. Werethe earth 


bigger than the ſun, its ſhadow would increaſe in bulk 
the farther it extended, and would eclipſe the great planets 
Jupiter and Saturn, with all their moons, when they were 
oppoſite to the ſun. But as Mars in oppoſition never falls 


into the earth's ſhadow, although he is not then above 42 


millions of miles from the earth, it is plain, that the carth 
is much leſs than the ſun ; for otherwiſe its ſhadow could 
not end in a point at ſo ſmall a diſtance. If the ſun and 
moon were equally big, the moon's ſhadow would go on 


to the earth with an equal breadth, and cover a portion of 


the earth's ſurface more than 2000 miles broad, even if it 
fell directly againſt the earth's center, as ſeen from the 
moon; and much more if it fell obliquely on the earth: 
but the moon's ſhadow is ſeldom 150 miles broad at the 
earth, unleſs when it falls very obliquely on the 
earth, in total eclipſes of the ſun. In annular eclipſes, the 


moon's real ſhadow ends in a point at ſome diſtance from 


the earth. The moon's ſmall diſtance from the earth, and 


the ſhortneſs of her ſhadow, prove her to be leſs than the 


ſun, 


zt 


Why there 


are ſo few 


eclipſes. 
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ſun. And as the earth's ſhadow is large enough to cover 
the moon, if her diameter were three times as large as it is 
(which is evident from her long continuance in the ſhadow 
when ſhe goes through its center) it is plain, that the earth 
is much bigger than the moon. 


If the moon's orbit were coincident with- the plane of 
the ecliptic, in which the earth always moves and the ſun 
appears to move, the moon's ſhadow would fall upon the 
earth at every change, and eclipſe the ſun to ſome parts of 


the earth. In like manner the moon would go through the 


middle of the earth's ſhadow, and be eclipſed at every full ; 
but with this difference, that ſhe would be totally darkened 
for above an hour and an half; whereas the ſun never was 
above four minutes totally eclipſed by the interpoſition of 
the moon: But one half of the moon's orbit is elevated 


Them moon's 5 1-32d degrees above the ecliptic, and the other half as 


Limits of 
eclipſcs, 


much depreſſed below it; conſequently, the moon's orbit 


interſects the ecliptic in two oppoſite points called the 


moor-'s nodes, as has been already taken notice of, When 
points are in a right line with the center of the ſun at new 
or full moon, the ſun, moon, and earth are all in a right 
line; and if the moon be then new, her ſhadow falls upon 
the earth; if full, the earth's ſhadow falls upon her. 
When the ſun and moon are more than 17 degrees from 
either of the nodes at the time of conjunction, the moon is 
then generally too high or too low in her orbit to caſt any 
part of her ſhadow upon the earth. And when the fun is 
more than 12 degrees from either of the nodes at the time 
of full moon, the moon is generally tao high or too low 
in her orbit to go through any part of the earth's ſhadow : 
and in both theſe caſes there will be no eclipſe. But when 


the moon is leſs than 17 degrees from either node at the 
1 | time 
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keg of 1 übe; AP full in 05 perigee * 
Me will Wecken if ſhe be Within 14 1-30th degrees | 
the nbde: And when ſhe is fefs than 1 12 degrees from ei m El ther 
node at tlie tinte of oþpolition) the goes through, A greater 
or lefs pottibn of the earth's thao, ' as: ſhe iS more or _ 
within this Unit. Her orbit contains 360 greet 
which 17, me lithit'of ſolar edipſes on either 6 150 
notles, and 12 tte Hrrät of lunar eclipſes, are but fi | 
portloris * and a8 tlie ſun commomſy i by the nodes but FE 
twice im a yeat, it is no wonder that we hate ſo inany new 


e hioons without eclipſes.” | 
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| ſhadow, would. fall upon the earth every time ſhe, is in con- 


junction with the ſun, and at every oppoſition ſhe would go 


- through the earth's ſhadow. Were this the caſe, the ſun 


would be eclipſed at every * and the n rr 
full, as already mentioned. 1 


i cd: 


"P _ - , ** 


But although een, 1 
earth at a, when the earth is at E, and the moon in con- 
junction with the ſun at i, becauſe ſhe, is then very near one 
of her nodes ; and at her oppoſition n ſhe muſt go through 
the earth's ſhadow I, becauſe ſhe is then near the other 
node; yet, in the time that ſhe goes round the earth to her 
next change, according to the order of the letters X VV 
W, the earth advances from E to e, according to the order 
of the letters E F GH, and the lines of the nodes VEX 
being carried nearly parallel to itſelf, brings the point f of 
the moon's orbit in conjunction with the ſun. at that next 
change; and then the moon being at f, is too high above 


the eclipſe ta caſt her ſhadow on the earth: and as the earth 


is ſtill moving forward, the. moon at her next oppoſition 
will be at g, too far below the ecliptic to go through any 
part of the earth's ſhadow ;. for by that time the point g 
will be at a conſiderable diſtance from ne. 
from the ſun. | 


When the earth comes to F, the moon in conjunction 
with the ſun Z is not at k, in a plane coincident with the 
ecliptic, but above it at Y in the higheſt part of her orbit: 
and then the point. b of her ſhadow O goes far above the 


earth, as in fig. 2, which is an edge view of fig 1. The 


moon at her next oppoſition is not at o, fig. 1, but at W, 


| where. the earth's ſnadow goes far above her, as in fig. 2. 


In both theſe caſes the line of the nodes V F.X, fig. I, is 
about 
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about go degrees from the fun, fra both Juniinaries are 3 as 
far as poſſible from the limits of eclipſes. 


When the _ has gone half round the Fx IR Bar E 
to G. the line of the nodes V G X is nearly, if not exaQtly; | 
directed towards the ſun at Z; and then the new moon 
caſts her ſhadow P on the earth G; and the full moon p goes 
through the earth's ſhadow. L.; which brings on eclipſes 
again, as when the earth was at E. 18 FRE 


When the oath comes to H, the new moon falls not at 
min a plane coincident with the ecliptic C D, but at W 
in her orbit below it: and then her ſhadow Q fig. 2, goes 
far below the earth. At the next full ſhe is not at q. fig. 
1, but at V in her orbit 5 1-3d degrees above q, and at her 


greateſt height above the ecliptic C D; being then as far 


as poſſible, en n 
as in fig. % 


' 


So, when the earth is at E and G, the n moon is about 
her nodes at new and full; and in her greateſt north and 
ſouth declination (or latitude as it is generally called) from 
the ecliptic at her quarters: but when the earth is at F or 
H, the moon is in her greateſt north and ſouth declination 
from the ecliptic at new and full, and in the nodes * 


* 
eee a u oft det bat mnt of 


The p 1 X e the n moon's « ordit croſſes the ecliptic Themoon's 


is called the aſcending node, becauſe the moon aſcends trom * 


ding 
—_— 


it above the ecliptic : and the oppoſite point. of interſection d 


Vis called the : deſcending node, becauſe: the moon deſcends 


from it below the ecliptic. When the moon is at V, in Her north 
: the higheſt point of her orbit, ſhe is in her greateſt north |... — - 


8 2 \ wind 
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latitude; ang when ſhe is at W in the Jowelt point of her 
orbit, ſhe is in her greateſt | ſouth Jatitude, 


1 


— ny If the line of nodes, like the earth's axis, yas carried 
trograde parallel to itſelf round the ſun, there would be juſt half a 
motion. year between the conjunRions of ine ſun and nodes. But 
the nodes ſhift backward, or contrary to the earth's annual 

motion, 19 I -third degrees every year ; and therefore the 

ſame node comes round the ſun 19 days ſooner every year 

than on the year before. Conſequently, from the time 

that the aſcending node X (when the earth is at E) paſſes 

by the ſun as ſeen from the earth, it is only 173 days (not 

half a year) fill the deſcending node V paſſes him. There- 

"Which fore, in whatever time of the year we have ecljpſes of the 
3 luminaries about either node, we may be ſure, that in 173 
— days afterward, we ſhall have eclipſes about the other node. 
they would And when at any time of the year the line of che nodes is 
1 in the ſituation VG X, at the Tame time next year it will 
(=o wag be in the ſituation r G s; the afcending node having gone 
backward, that is, contrary to the order of ſigns, from X 

to s, and the deſcending node from V to 1; each 19 1-3d 
degrees. At this rate the nodes ſhift through all the ſigns 

| and degrees of the ecliptic i in 18 years and 225 days; in 

which time there would always de a regular period of 

eclipſes, if any complete number of lunations were finiſhed 

without a fraction. But this never happens; for it both 

the ſun and moon ſhould ſtart from a line of conjunction 

with either of the nodes in any point of the ecliptic, the ſun 

| would perform 18 annual revolutions and 222 degrees 0 ver 

and above, and the moon 236 lunations and 85 degrees of 

the 23 1ſt, by the time the node came round to the ſame 

| fam of al ecliptic again : fo that the ſig woutd then be 
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But, in 223 e Ale debe. moon, as and A yr 
nodes, have been once in a ine of conjunRion, they return 
ſo nearly to the ſame flate again, as that the ſame node, 
which was in conjunction with the ſun and moon at «the 
beginning of the firſt of theſe lunations, will be within a 
degrees 12 ſeconds. of a degroe ef a line of conjunction 
with the ſun and moon again, when the laſt of theſe luna · 
tions is compleated. And therefore, in that time, there 
will be a regular period Wh nee 
W for many . 
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On the, UNIVERSE 


Tus * making a... 
With how Win 
The ſun a globe of fire, a glowing maſa, | 


Hotter than melting flint or fluid glas. | | 
Of this our ſyſtem holds the middle place, © | 

Ny CENA eee 50107 21 

Does in an oval atbit circling run; A ice trotting bak: | 
But rarely is the object of our ſighht, t: ui 16d | 
Ia lar gory funk and more hi light. 
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Venus the next whoſe lovely beans adorn, - | ; 
As well the dewy eve as opening morn, * 19 
Does in her orb in beautious order turn. BY 
The Globe terreſtrial next with ſlanting _—_ 

And all it's pond'rous load unwearied rolls. 

Mars next in order, further from the ſun, 

Does in a more extenſive orbit ruunnm. 


Then we behold bright planetary Jove, 


Sublime in ſpace, thro' his wide province more; ; 


Four ſecond planets his dominion o.], | 
And round him turn, as round the earth the moon. | 
Saturn revolving in a higher ſphere, | " 
Is by five moons attended thro? his year, 

The vaſt dimenſion of his path is found, 

Five thouſand million Engliſh miles around. 

Then Georgium Sidus fartheſt from the Sun, 

In boundleſs 2 does round his orbit turn. 


Vet is this mighty ſyſtem, which contains 
So many worlds ſuch vaſt ztherial planes, 
But one of thouſands, which compoſe the whole, 
Perhaps as glorious, and of worlds as full. 
The ſtars which grace the high expanſion, bright, 
By their own beams and unprecarious light, 
Tho' ſome near neighbours ſeem and ſome n 
United luſtre in the milky way, n ie vg 
At a vaſt diſtance from each other lie, 
Sever'd by ſpacious voids of liquid ſky. 
All theſe illuſtrious worlds and many more, 
Which by the tube aſtronomers explore: 
And millions which the glaſs can neer deſery- '” 
Loſt in the wilds of vaſt immenſity, 2 32 ot gone 
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Are ſuns, are centers, whoſe ſuperior ſway, 
Planets of various magnitudes obey. 


If we with one clear comprehenſive ſight 
Saw all theſe ſyſtems all theſe orbs of light ; 
If we their order and dependence knew, 
Had all their motions and their ends in view, 
With all the comets which in ether ſtray, 
Yet conſtant to their time and to their way, 
Would not this view convincing marks impart 
Of perfect wiſdom and ſtupendous art 
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Page Line 
3 1 for fixed round, read, fixed point round. 
7 3 for is power, read, is the power. | 


8 Second marginal note, for Fig. 1. read, Fig. 5. 
9 I4infert if 
12 irſt marginal note, infer Fig. 1. 


7 for hangs, read, hanging. 
In the margin, oppolite |. 29, inſert, : Fig. * 
18 27 for argueing read, arguing. 
34 30 for af d, read, a fe. 
42 17 for leſs Kfer read, het leſs perſet. 
27 for electri, \reag, electric. 
46 15 e the ſemicolon fron it, ta globe; 
1 


5 8 GC D; r cad, CG GG D, 
59 3 line, for knobed, — knobbed. 
64 laſt marginal note, read, Fig. 22. | 


67 16 far raregRion, read, en 5 
74 9 for piſto, read, piſtol. \, \ 36 
79 18 for nor, read, not. | 
4 for poſiite, read, poſite.. eil 
99 6. for then, read, thak * | 
193  77in.the parentheſis, for Miſcgllaneous Articles, 
| read, Page 129 of the InupdeRion to Uſeful 
Knowledge. 64 
Job 16 for putrify, read putrefy. 
18 for putrifying; read, putreſying. 
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29 for ſlider a, redd, flider d S. 

7 for airs, read, air. 

z in the parentheſis, * Plate VII. 
I for wings, read r 

1 for D to P, read, to F. 

18 for Fig. 4, read, Fig. 5. 
16 for with which, read, _ with. 
18 for fludity, read, fluidit 


16 for ſufficient, read, ſu 


9 for contrivance, read _ 
23 for thrt, read, that. 
4 for too, read, two. 
17 for viſa, read, vice. 
1 dele the. 
17 dele the ſpace betwixt downward. 
4 for ſcenice, read, ſcience. 


11 for ray, read, rays. 


11 for wiſh, read, wiſhes. 
22 dele of. 


firſt marginal note, for Fig. 8. read, | Fig. 9 


I -for hand, read, hind. 
3. for he, read, the. 


13 for limb, read, line. 


2 for ogjeQ, read, object. 
32 2 back, read, backward. 
2 in the table, for rflecting, read, ning. 
5 for diſh, read, diſk. | 
29 for refracting, read, rfleQing. 5 
J for whee, read, wheel. 
; 1 dele of the 2 
nt inſert 8 mult. 
- p pars nc read, detent. ny 
of, read, on. 

— for ferce, read, force. 

3 for lift, read, lifts. 


12 for anſwers, read, anſwer. 


In the margin, for Plate XII. read, Plate XIX 
Pen. for eclipſes, read, ellipſes. 

6 for viec, read, vice. 

29 dele pro. 

20 net theſe. | 

In the index, for whed, reed, W 

4 for back, read, motion. 
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Page. 
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Line. 


11 for an, read, and. 

27 for letharge, read, lytharge. 

24 for object, read, objects. 
dele is. 


2 dele it. 

5 for turnſal, read, turnſol. 
12 for taſte, read, take. 
21 inſert Plate. 

6 for ſoldrr, read, ſolder. . 
18 for biſmouth, read, biſmuth. 


29 for uſcſel, read, uſeful. 


19 dele temper. | 
10 for ſtond, read, ſtand. 
28 for into, read, tin to. 
29 for taking, read, taken. 
14 for fiugre, read, figure. 
1 for laſt, read, leaſt, 
24 for peculum, read, ſpeculum. 
8 for diaphragm, ad, dia 
29 for biſmouth, read, biſmuth. 
22. dele than. 
26 for fire, read, fine. 


2 for neatly, read, nearly. 


11 dele In. 
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ADVERTISEMENT. 


CY TYSON 


which have appeared on the ſubjects 
treated of in Miſcellanequs Articles, after 
having drawn their readers into much un- 
neceſſary expence, have left them nearly 
in the ſame ſtate of ignorance as that in 
which they were found. 


1 greateſt part of the publications 


This has ariſen partly from the obſcure 
and perplexed manner in which the ſub- 
jects have been handled; and ſtill more 
from another cauſe, namely, that the au- 
thors themſelves were totally unacquaint- 
ed with the practical part of the arts they 
wrote upon. Theory without experi- 
ment will ever be liable to error. To 
obviate both theſe objections is the deſign 
and intention of this work. Particular 
attention has been paid to render perfectly 
clear and eaſy every thing it contains, and 
the editor's own private experiments have 

; repeatedly 
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repeatedly confirmed the truth of every 
thing it advances. The beſt authors have 
been conſulted, and neither pains nor 
expence have been ſpared to render the 
whole worthy the encouragement and 


patronage of the public. 
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| T japanners gold ſize of the beſt PR 
which keep in a bottle well corked; the fame quantity 


ol oil of turpentine, and a book of leaf gold ; then with two 
or three camel hair pencils, you will be ready for the work. 
| All theſe- materials tals may be had at any principal colour 


— thus ent with every thing neceſſary, proceed 
= to work after the following manner: | 


Mt Net gud in de ini fl 
ſpoonful into à thell, or cup, then with the pencil lay the 
ground of your deſign upon the pot; but obſerve to keep 
moiſtening the gold ſize gradually with the pencil, out of 
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the turpentine bottle, for the gold ſize being expoſed to the 
open air, ſoon grows too thick for uſe. A little experience 
will make it quite eaſy to be underſtood. When the grourid 
is laid according to the deſign, ſet the pot in a clean place to 
dry leiſurely for the ſpace of one hour, then place it as neat 
the fire as you can but juſt endure the heat with your hand for 
about four ſeconds of time. Inthis ſituation let it remain, until 
by preſſing your finger upon the ground, and taking it ſud- 
denly off, it will give a ring, then lay the gold on, (as directed 
below) and it will look like burniſhed gold, then with the 
pencil and gold fize touch the places you would have ſha- 
dowed, and it 1s ready to be baked in an oven for two hours, 
after which it will bear waſhing, and continue bright many 
— | 


| This experiment will ſucceed very well upon glaſſes, 


© which have figures or ornaments of any kind ground upon 
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them, ſuch as decanters, pints, wine glaſſes, &c. The 
proceſs of laying on the ſize, and gold, is the ſame as for 
pots, only obſerve, when you lay the gold on, not to preſs 
it too hard for fear of breaking the glaſs, which I have 
ſometimes done before I was well acquainted with the preſ- 
ſure it would bear, for glaſs is exceeding tender when ground 
deep. Obſerve, when you lay the ſize on, that you do not 
daub it upon the poliſhed ſurface of the glaſs; if you do, 
the work will not look neat; for if the glaſs has a bad 
figure ground upon it, it will be impoſſible for you to make 
any arneridment- Be careful to lay the ſize on even, 
. after which, put the glaſs in a tin oven before the fire, till 
by touching the ſize with your finger, and ſuddenly taking 
it off again, the veſſel will ring as before mentioned, and 
then it is ready for laying on the gold; in doing which, I 
have tried ſeveral methods, but ſhall only mention two, and 
e ; . lese 
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2 Fut I took a book of leaf gold and aid iton the table, 
then carefully took from the book one of the leaves of pa- 
per, and rubbed one ſide of it upon my forehead, which 
gave it ſuch a'clammy moiſture, that when I laid it upon 
the leaf of gold in the book, and gently ſtroked it over, the 
gold adhered to it, ſo that I could cut it along with the 
paper into as narrow ſhreds as I pleaſed : for the ſtalks of 
flowers, &c. like wiſe into ſquares of every dimenſion ; 
I then took ſuch pieces as ſuited me, and laid them 
upon the ſize, (it being in proper order) and gave them 3 
gentle preſſure with my finger, in order to faſten them until 
ſuch time as I threw the papers away, and gathered up a 
piece of cotton-wool, with which I preſſed them all over, 
continuing the ſame operations until the whole was com- 
pleated, then wiped off the ſupertiuops gold, and ſhadowed 
the ornaments in their proper places, putting it into an oven 
e ere ee eee 


e ee eee e ps ue 
ſoon convinced me, that the face of the gold had not that 
bright luſtre which it ought to have had; I therefore pro- 
Dane 4 knife cut the gold to the dimen 

fions wanted, and with a piece of cotton-wool; took it from 
of the cuſhion, and laid it ae 
Ep e Aab abs domed ww 
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1 MISCELLANEOUS ARTICLES. ; 
iſt. A ſquaremarbleflag, or ſmooth ſtone, well poliſhedi 


and ground exceeding true, the larger:the-better, with a | 


frame round it, or a grove cut in its edges, to keep the ſu- 
perfluous mercury from running off. ad. Leal weights 
covered with cloth, to keep them from ſoratehing the glaſs, 
from x pound weight, to 1 2 pounds each, according to the 
ſize of the glaſs which is laid down. 3d. Rolls af tinfoil, 
4th, Mercury or quickſilver, with r 
provided, . 


Cut your abel v une larger 3 every 
way, and lay it flat upon the ſtone, and with:a ſtraight piece 
of hard wood, about ihre inches long, ſtrokeit every way. 
that there be no ereaſes or vrinkles in it, then drop a little 
mercury upon it, and with a piece of cotton vol or hare's 
foot, ſpread it all over the foil, ſo chat every part may be 
touched with the mercury. {Nowhere obſerve; that the 
marble flab be nearly-level with ine horizon) 'then pour on 
the mercury all over the foll, and cover it with a fine paper, 
and lay two weights very near its loweſt end or fide, ta keep 
your glaſs ſteady, while you draw your paper from be- 


twixt the filveredfoil and the glaſs, which muſt be laid upon 


the paper; as you draw the paper, you muſt take cate that 
no air dudbles be left, for they will. aways .appear if left in 
at the firſt; you muſt "likewiſe be ſure to make the glaſs as 
clean as poſſible'on the ſode intended to be ſiluereil. and have 


8 "the paper allo quite clean, otherwiſe when you have drawn 


the paper from under it, dull white xcaks will pen, 
which are _ . 


Aſter the paper is drawn aut, place as many wei ights 
upon the glaſs as you conveniently can, in order to preſs out 


1 


N mercury, and matte de doll 'adhere-to the 
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Wben irhas lain fix or ſeven hours in this Gtuation, 

the lone aboyt tyo ori tee inches it its higheſt end, 

that as much of the mercury anay run off.as-pollibls; let it 
toro days before you. venture to take it up. but before 

you take the weights off, gently bruſh the edges of the glaſe · 
that no mercury may adhere to them; then take it,up, and 
turm it directly over with its foce / ſde domnwand, and rag 


it by degrees, that the mercury may not drip off too ſudden- 


ly; for if hen taken up it is immediately ſet perpendicular, 
| air will get in beten the foil and the glaſs at the top, as the 
mercury deſcends to the bottom, hy which means, if; you be 
not exceedingly: careful, your labour ill be loſt; a very 
little practice, ſtrictiy oblerving-the above. rules, will ſoon 
encourage the young artiſt to purſue this pleaſing, cxperiy 
eh with pleatpre and pron, - 


; Anadhet eee which. Tanks, 0 6 the. 
over theo u the ae anne | 
for filvering meniſcus glaſſes, | 


I would adviſe at the fr, to begin wit enge | 
Py” Nee mem e ee | 


y 


”: + flu ait c. 


— 0 


3 


TAKE: half an pace of cles Teal, nn tek raph | 
equal weight of pure tin; "then immediately add half an 
ounce of biſmuth, and carefully ſkim off the droſs, then 
remove the lead from the fire, and before the mixture 
grows cold, add five ounces of mercury, and ſtir the whole 
wall together ; then put the fluid mne into a clean 
nnen A | 


6 MISCELLANEOUS ARTICLES. 
When this amalgam is uſed for foiling or filvering, let 
it firſt be ſtrained through-a linen rag; then germly pour 
ſome ounces thereof into the globe intended to be foiled ; 
the mixture ſhould be'poured into the globe, by means of a 


glaſs or paper funnel, reaching almoſt to the bottom of the 


globe, to prevent its ſplaſhing to the ſides, then dexterouſly 
inclining (though very-flowly) the globe every way, in order 
to faſtenthe ſilvering; when this is once done, let the globe reſt 
ſome hours; then repeat the operation till at length the fluid 
maſs is ſpread even, and fixed over the whole internal ſur- 
face; as it may be known to be by viewing the globe againſt 


the light; and then the ſuperfluous amalgam may be poured 


out, and the outſide of NG ty OY __— 
is ended, | 

In this manner are made thoſe fe ſhioing ſpherical 8 
appearing like glaſſes filled with quickfilver, Which we ſee 
hung up in parlours, near the cieling to invite the flies in 
ſummer from the windows, and other parts of the room 
eas they might prove more ome 

| The operator has conflgradls Finglas; 09 asitcan be per- 
formed without heat ; and is not attended with the danger of 
poiſonous fumes from arſenic, or other unwholeſome matters, 


uſually employed for this purpoſe, and-how far it is appli- 


cable to the more commodious foiling of the common 


looking glaſſes and other ſpeculums, may deſerve to be con- 
ſidered: I have tried it on ſeveral _— a and. it 
has anſwered OI PN? | 


: : \ 


L 


Heu 
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Hog to ſilver the Comes Sid of Menſe Glaſſes for Mirrers, 


© TAKE an eanben plate, en which pour forge prepared 
plaſter of Paris, mixed with water, of a proper conſiſtence ; 
then immediately before it grows too (tiff, lay your meniſcus 
with its convex fide downward, in the middle of the plate, 
and preſs it until it lies quite cloſe to the plaſter, in which 
ſituation let it remain, until the plaſter becomes quite dry; 
after which, work a groove with your finger round the out- 
ſide of the meniſcus, in order to let the ſuperfluous mercury _ 
reſt upon it; then cut the tinſoil to a proper ſize, and preſs 
it with the meniſcus into the plaſter mould, in order to make 
it lie cloſe ; after which, cover it with the mercury, and 
without a paper, (as directed for ſilvering plain mirrors) 
ſlide it over the ſilvered foil; then place a weight on it, 
and let it ſtand two or three days, raiſing it by degrees, that 
the mercury may drip of n. 7 will find it 
anſwer your expectation. 00 | 4 2 


aer th method common window gas, . mop by 
filvered. 75 


Tok Payer Prince the 110 cuſ clue. 0 4 


FIRST cut off Ml the whit part of your impreſſion, fa | 
that nothing appear but the print; then prepare ſome ſtrong 
gum arabic water, or ſize, with Aich you mult bruſh over 
the face ſide, after which put it into the globe, and with a 
long ſmall ſtick, on which a camel hair pencil is fixed, ſtick 
it even on, and by this method you may put what quantity 

of 
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%  MISCELLANEOUS/ ARTICLES. 

of prints you pleaſe into the globe ; let thai dry about 
twelve hours, then pour ſome prepared plaſter of Paris, 
eller white" or tinged, whatever: chtdur you" pleufe, and 


turn the globe eaſily about, ſo that every part be covered, 
blen poar our the lupetfivous plaſter, n fx Lniſhed. 


| Hl info Mats e Ph of Paris 
AER having oiled ibe ſurface: of Sour mould 
gotitly with a little cotton, or a camel hair pencil 
dipped in oil of ollves; put a hoop- of paper round it, 
exattly to the thickneſs you! would chuſe your im- 
Preſſion to be made; thet take ſome prepared plaſter of 
Paris in a tea cup or baſon, according to the quantity wanted 
is be at that time uſed; and ſome fair water, to the con- 
fitence of a very thick cream, and with a'bruſh rub over 
cho ſurface · of · the mould, and immediately afterwards make 
It to a ſufficient thickneſs. For rubbing the ſurſace, en- 
tirely prevents any air holes from appearing on the im- 
preſſion. --Let it ſtand about alf an hour; and it will in 
that time grow ſo hard, that you may very ſaſely take ie 
off; then pare it ſmooth on the back, and neatly round the 
edges, and it is done. It ſhould be dried, if in cold or 
damp weather, before a briſk. fre. la this operation, 
when you have made the impreſſions to a proper thickneſs, 
you ſhould, while they are wet in the moulds, - ſprinkle 
them with ſome of the powder, which makes them con- 
ſiderably harder. and dry ſooner, If you cover the face 
of the mould with fine plaſter,” a coarſer ſort will do to fill 
A up with, and be a-conſiderable ſaving ;- but-I+ would alſo 
dt & og hen by h629-4 0172-4 6g YA _ .-: adviſc 
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FB W e e en than when 
you immediately want, becauſe it will be apt to thicken too 
ſoon, and ſo the ſuperfluous quantity will be loſt (until 
it be burnt again, and go through the ſame operation as 
when at firſt prepared) for adding water to it to thin it, will 
quite prevent it from ever ſetting hard a ſecond time, without 
burning it afreſh, | 


Tories 1 Mould fo as to take a Brine or War | 
F „ it. 


LET your plaſter mould be quite dry, then dip it in 
the following mixture, viz. 8 


— 


Take half a pint of boiled linſeed oil, and ſpirit of tur- 
pentine one ounce, mix them together in a bottle; when os 
wanted, pour the mixture into a plate or ſaucer, and dip the 
ſurface of your mould into it, take your mould out again, 
and when it has ſucked up the oil, dip it again ; repeat this 
till the oil begins to ſtagnate upon it; then take a little 
cotton-wool, hard rolled up, (to ptevent the oil from 
ſticking to it) and wipe it carefully off; lay it in a dry 
place for a day or two, (if longer the better) and the 
mould will acquire a very hard ſurface from the effect of 

the oil; when uſed, it muſt be oiled with oil of olives in the 
ſame manner as before directed. 


Alno to caſi Brimflone, and give it a metallic Ghſt. 
"TAKE fome fione brimſtooe; matt it in an iron ladle 


over the fire, let it flame for about five or ſix minutes, then 
0 take 


fo MISCELLANEOUS Aürrel ne 


fake it bf, and with a piece of board extinguiſh the famey 
and let it cool a little ſo as not to feel like glue, or run ropy, 
it is then proper for uſe; and you may pour it into your 
mould, in which let it ſtand five or ſer minutes, and you 
may take it off; pare it as before, and rub the furface- of 
the impreſſion over with ſome cotton, and the beſt pow- 
der of black lead; which will give it a very fine metallic 


gloſs. 


td to make Sulphur Red or Green, and caſt i it in Moulds like 
Marble. _ 


| TAKE two ounces of beſt clean ſtone brimſtone, and 
melt it ſlowly over a gentle fire, without letting it flame ; 
when it is melted, add one ounce of vermilion, ſtir them 
well together, then pour the 'compoſition over the ſurface 
of your mould, and immediately pour it off again, and fill 
the mould up to a proper thickneſs with common brimſtone, 
let it ſtand the ſame time as before mentioned, then pare and 
rub over the ſurface with ſome clean cotton, which will 
give it a poliſh; the more impreſſions you can make at once 
melting the better, becauſe the brightneſs of the red fades, 
the often$ it is melted : it may be made green by uſing 
it in the ſame manner, and by adding the fame quantity of 
the beſt ſmalt, inſtead of vermilion, only it requires more 
ſtirring to mix it properly; it may alſo be made to imitate 
a beautiful marble, by mixing ſeveral colours ſeparately, and 
made in ſmall ſquares of equal ſizes, which break into exact 
lengths, and diſpoſe them according to your fancy, endwiſe 
in an iron frame that will open with a joint, after which, 
melt them together, and the colours will unite in a pleaſing 
manner, and each will appear diſtinct. When you melt it 


9:4 be careful not to ſhake it, and let it cool by degrees. 


Hau 
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Heu ta chuſe Ploer. 


1 Tinbeſtto-chuſe plaſter in five, — 


— fac if you have it in powder, it is not to be de- 
pended on ſo well. Take great care that it may be very 
well burnt, and well pounded; alſo very white, and fitted 
through a fine tiffany, then it may be laid up in a box tor 
uſe. In London this precaution is unneceſſary, becau'e it 
eee ty oP Nt e , gage i 1 
e We 0 
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PLASTER of Picinciphetiogad dee 
Kb your are caſting, by mixing it with Pruffian blue, red 
lead, orpiment, &c. with which: you may compoſe a blue; 
red, yellow, and green, &c. and it has a very good effect when 
the raiſed part is white, red, &c. and the ground of ano- 
ther colour. But it is to be obſerved, that the ooloured im- 
preſſions take a longer time in becoming hard than when 
the plaſter is unmixed. But if you fift ſome pliſter upon 
the: top of your caſt (when it happens to be a flat figure} 
— ul 2HF * 
W e e dried. $7 995.4 9 


Ty lay Mezzotinto Prints upon Glaſs. 2 


PROVIDE a clear plate of glaſs, ee as poſſible 
a little larger than the print, then ſteep the print flat way, 
WO e e e 
50 e Venice 
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2 MISCELLANEOUS/ ARTICLES. 


Venice turpentine, or varniſh, exceeding thin an even over 
one ſide of the glaſs, which muſt be kept warm, that the 
turpentine may ſpread the better ; and obſerve that there be 
not the leaſt ſpeck of the glaſs uncovered with the turpen- 


tine. Then take the print out of the water, and lay it on a 


ſmooth table between two cloths, or ſeveral folds of paper, 
in order to take out the ſuperfluous water. When this is 
done, lay the print upon the glaſs by degrees, beginning at 
one end, and ſtroke outward that part which is faſtened to 


dhe glaſs, that no wind or water may lie betwixt, as it will 


cauſe bliſters, which you muſt be careful to ſtroke out. The 
print being laid upon the glaſs in the moſt exact manner, 
proceed to rub it with your finger until all the thickneſs of 
the paper is come off in little rolls, -and nothing is left upon 
the glaſs but a little film, like a ſpider's web, that is faſt 
ſtuck to the glaſs by the turpentine, &c. great care muſt be 
taken in rubbing, that no holes are made in the print, eſ- 


pecially in the lights, which are the moſt tender parts. If 


the print be large, ſo that ſome parts of the paper become 
dry, while you are rubbing-the other, you ſhould, with a 
little water on your finger. wet them as you ſee occaſion, 
to keep them moiſt, for the paper will not rub when dry. 
When you have rubbed the paper till it appears tranſparent 
on the back, ſet it up to dry for three or four hours: after 
which varniſh it over with turpentine or maſtic varniſh, two 
or three times, or till you ſee it tranſparent, and after it has 
ſtood a day or two to dry, proceed to paint it, | 


Cilours proper for painting upon Glaſs, 


ARE beſt procured at colour-ſhops, prepared in little 
bladders on purpoſe, viz. flake white, lamp black, umber, 
Pp | «6 4 | vermilion, 
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vermilion, maſticote, Pruſſian blue, verdigreaſe, &c. U- 

tramarine (for blue) and carmine (for red) are beſt kept in 

powder, as being leaſt liable to waſte in that ſtate ; and 

| when wanted for uſe, a ſiall quantity may be mixed vpwik 
a drop or two of nut oil with your pallet knife. 


To get the colours out of the bladders, prick a ſmall 
hole near the bottom, and preſs it until you have enough 
for your preſent uſe; becauſe the colours are apt to dry and 
ſkim over. | 


With theſe colours you may exactly imitate any colour 
whatſoever, pee ere te Ibn, 
, rn eee 


The Ae of ge the warming 


As the lights and ſhades Gio print open, _ 
lighter eolours firſt, on the lighter parts of your print, and 
the darker over the ſhaded parts; and having once laid on the 
brighter colours, it is not material if the darker forts are 
laid a little over them; for the firſt colour will hide thoſe laid 
on afterwards, 


When any colours are too ſtrong, they may be lightened 
to any degree by mixing white with them upon your pallet; 
or you may darken them as much as you pleaſe, by mixing 
them with a deeper ſhade of the ſame colour. 


The colours muſt not be Jaid on too thick; but if trou- 
bleſome, | o 
REBT? 


Take - 
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Take care to have a pencil for each colour; and neyep 
uſe that which you have uſed for green with any other co, 
Jour, without firſt waſhing it well with oil of turpentine, 
28 that colour in 0 to #08548 prodomninans when the dae 
are dry. 


1 al the pencils aten * in oil of turpentine. 


To waſh any Powder very fine for Colours. 


YOU muſt have four or five large wine glaſſes by you, 
and two or three quatts of clear water. Fill one of your 
glaſſes with it, and put in half an ounce of the colour you 
intend to waſh, ſtir it well about with. a knife, and permit 
it to ſtand about ten ſeconds of time, in order to let the 
gritty parts ſettle to the bottom before you pour it into ano- 

ther glaſs, which, let it remain until the next day, when it 
Vill be quite ſettled, then pour off the water, and the pow- 
der will be left very fine, which dry, and paper up for uſe, 
but ſome powders will require a ee W to ſettle, 
therefore mult be e ee e. een 


OR. "as i 
> ; of þ  \ 


\ 


To — the bef ding on, 


MIX a little letharge of gold, with linſeed oil, boil it 
over a flow fire, but not-too much, leſt 1 it ſhould prove over 
thick, and be unſerviceable. a | 


„ 


# * 1 . 


To make Tarpenin 2 for the abroe i Pris 


- PUT one ounce of Verdes turpentine in an earthen; 
pot, place it over a ſlow fire, and when it is diſſolved, add: 


wg 


MISCELLANEOUS ARTICLES) #6 
two ounces of oil of turpentine ; as-foon as they boil take 
off the pot, and when the varniſh is cool, keep it in a glaſs 
Bottle; this and all other varniſhes ought to be ſtopped cloſe 
tp, and well ſecured from the ait. With this you may var- 
niſh prints on glaſs or other things, to render them tranſpa- 
fent : if the varniſh ſhould be too thick, you may thin it 


with the addition of a little oil of turpentine; i WEE 
aud a liftle mote Venice turpentine. 


To male Maftic Varniſh for the above Prints. 


TAKE two ounces of the cleareſt gum maſtic you can 
chooſe, powder it finely, and put it in a bottle with ſix ounces 
of oil of turpentine, ſtop the bottle cloſe, and ſhake them 
well together till they are well incorporated. Then hang 
the bottle in a veſſel of boiling water for half an hour, 
during which, ſhake it three or four times; if you would 
have it ſtronger, let it boil a quarter of an hour more, and 
it will be fit for uſe. 7 | 


Ki it ſhonld not happen to ſuit your convenience to mix 
and prepare the colours, varniſhes, &c. yourſelf, they may 
be had ready for uſe at the colour- hops in any quantity. 


Inftruttions far the Improvement of Youth in the Art of Drawing. 

AS' the art of drawing is not only an innocent, and uſe- 
ful amuſement for youth; but a qualification highly expe- 
dient, if not abſolutely neceſſary; to render the ſtudy and 


practice of it eaſy and entertaining, will be eſteemed an | AG 
ends ſervice to aa ann 
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16 MISCELLANEOUS ARTICLES, 


Not that this, or any other book of the like nature (hows 
ever correct) is a ſufficient guide of itſelf. For this ac 
compliſhment (like other arts) can never be perfectly ac- 
quired » without patience and induſtr 7. 


The young practitioner muſt be brought forwards by pro- 
per gradations; the outlines of a figure muſt be his firſt care, 
(as the platform muſt be firſt laid, before the building can 
be erected) and he muſt be content to copy parts of objects, 
before he indulges his curioſity too far, and makes the leaſt 
attempt at a finiſhed piece, but what he will find here care- 


fully obſerved, will be the beſt direction for his future pro- 


greſs. 


| He muſt not be too hot, or eager after new tranſitions 
from one plate to another, but muſt dwell upon each, and 
never begin a ſecond till he has in ſome meaſure made 
himſelf maſter of the firſt. 


- He muſt further (if he is curious, and aims at any degree 
of perfection) be very flow in his firſt operations. Haſte 
ſeldom produces any thing beautiful or correct; and ill ha- 
bits, when once contracted, are the moſt difficult things in 
nature to be removed. 


He cannot look too often on his original; and the 
length, breadth, and ſimilitude of each object before him, 
will require his utmoſt attention and obſervance. And when 
once he 1s able, by care and application, to touch up a piece 
with any tolerable beauty, practice in a ſhort time will make 
him expeditious, ard render his labours advantageous and 
delightful. 


Implements 


1 


4 
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© Implements neceſſary for Drawing. + | 


TH E implements neceſſary for drawing are compaſſes, 
charcoal, ruler, black and red lead pencils, pen knife, 
port crayons, black, white, and red chalk, crayons, In- 
dian ink, crow-quill pens, camel hair pencils; fitches, 
8 of ſeveral ſorts, 1 
1 

( Charcoal is to be choſen of ſallow-wood, fplit into the 
form of. pencils, ſharpencd to a point; its uſe is to draw 
lightly the deſign over at firſt, that if any part be amiſs, 
it may be wiped out and amended. Feathers ought to be 
of a duck's wing on account of their. ſtiffneſs (though 
others may ſerve well enough) with which you may wipe 
out any ſtroke of the charcoal where it is drawn amiſs, left 
variety of lines breed confuſton. Black and red lead pen- 
cils, are to go over your draught the ſecond time more ex- 


actly, becauſe the lead will not wipe out with your hand, 


when you come to draw with the pen. Pens made of ra- 
ven or crow-quills (but others may ſerve) are to finiſh the 
work: here you muſt be very careful and exact, for what 
is now done amiſs cannot be altered. Rulers are to draw 
ſtraight or perpendicular lines, triangles, ſquares, or polygons, 
which, you are to uſe in the beginning, till practice and 
experience may render them needleſs. Compaſſes with 
ſeel points, to take in and out, that you may uſe black or 
red lead at pleaſure; their uſe is firſt to meaſure (by help of 
2 ſcale of equal parts upon the edge of your ruler) your pro- 
portions, and whether your work, which is done with the 
charcoal, is exact; alſo to draw circles, ovals, arches, &c, 
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Of the 8 of Drawing in ene. 


HAVING al the neceſſaries above-mentioned i in rea- 
dineſs, it will be good to practiſe as much as may be without 

the help of your rule and compaſſes; it is your eye and 

fancy that ought to judge, without artificial meaſurings. 


1. The firſt practice of drawing begins with plain geo- 
metrical figures, as lines, angles, triangles, quadrangles, 
polygons, arches, circles, ovals, cones, cylinders, and the 
like: for theſe are the foundation of drawing. The circle 
aſſiſts in all orbicular forms, as in the fun, moon, &c. the 
oral in giving a juſt proportion to the face and mouth, the 
mouth of a pot of well, the foot of a glaſs, &c. the ſquare 
confines the picture you are to copy, &c. the triangle in the 

half face; the polygon in ground- plans, fortifications, &c. 
angles and arches in perſpective; the cone in ſpires, tops 
of towers and ſteeples; the cylinder in columns, pillars, 
pilaſters, and their ornaments. Having made your hand 
fit and ready in moſt general proportions, learn to give every 
object its due ſhade according to its convexity or concavity, 
and to elevate or depreſs the ſame, as the object appears 
eee e r e the life 


2. The. ſecond practice conſiſts in forming fruits; as 
apples,. pears, cherries, peaches, grapes, ſtrawberries with 
their leaves, &c. the imitation of flowers; as roſes; tulips, 
.carnations, &c. herbs; as thyme, 5 A &, _ as 
oak, fir, aſh, walnut, &e, Ann ee , 


3- The third practice imitates, 1. Baade, as the lion, horſe, 
elephant, 
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elephant, leopard, dog, &c. 2. Fowls;- as the eagle, 
ſwan, parrot, partridge, dove, raven, &c. 3. Fiſhes; as 
the whale, herring, pike, carp, lobſter, crab, &c. of 
which vatiety of prints may be bought at reaſonable rates, 


4. The fourth practice imitates the body of a man with - 
all its lineaments, the head, noſe, eyes, ears, cheeks, - 
hands, arms, and ſhadows, all exactly proportionable both 
to the whole, and to one another, as well in ſituation as 


magnitude, 


5. The fiſth practice is in drapery, imitating clothing. 
and artificially ſetting off the outward coverings, habit and 
ornaments of the body ; as cloth, ſtuff, filk and linen, with 
their natural and proper folds ; which though it may ſeetn 
ſomething hard to do, yet exerciſe and imitation of the 
choiceſt prints will make it eaſy, | 

In drawing all the foregoing forms, or whatever elſe, you 
muſt be perfect; firſt in the exact proportions; ſecondly in 
the general or outward lines before you fall to ſhadowing or 
' trimining your work within In mixed and uncertain 
forms, where the circle and ſquare will do no good, as in 
lions, horſes, &c. you muſt work by your own judgment, 
and ſo obtain the true proportion by daily practice; thus, 
having the ſhape of the thing in your mind, firſt draw it 
rudely with your charcoal, and more exactiy with your 
lead pencil; then peruſe it well, and conſidet where 
you have erred, and mend it according to the idea which 
you carry in'your mind; this done, view it again, correcting 
by degrees the other parts, even to the leaſt jot, ſo far as 
your judgment will inform you; having done what you 
can, compare it with ſome excellent pattern or print of the 

D 2 Uke 
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like kind; uſing neither rule or compaſs, but your own rea- 
ſon, in mending every fault, giving every thing its due 
place, and juſt proportion; by this means you may rectify 
all your errors, and ſtep an incredible way on to perfection. 


Having good, patterns and copies to draw by, the young 
artiſt muſt learn to alter them to other proportions either 
greater or leſs, and this by 1 as ſhall be 0 
hereafter more particularly. a | 


Let the young artiſt now begin to exerciſe in drawing af- 
ter the life, (for that is the compleateſt, beſt, and moſt 
perfect copy, which nature has ſet for obſervation) wherein 
the liberty of imitation is preſented in the largeſt latitude z 
this will be attained by much practice and diligent exerciſe ; 
but there ought to be a perſection in drawing, before there 
can be the leaſt thoughts of colours or painting ; for all 
things belonging to theſe, will (in 4 ſhort time) by * and 
F underſtood. 


Of particular Obſervations in the art. of Drawing... | 


IN drawing after a print or picture, put it in ſuch a 
light t that the gloſs of the colours may not hinder your ſight, 
but ſo as that the light and your eye may both fall obliquely 
upon your piece; which, place at ſuch à diſtance, that at 
opening your eyes, you may vie w it all at once; the greater 
your picture is, the farther off you muſt place it to draw 
after: Which, ſet before you a little reclining. Then ob- 
ſerve the middle of your picture to be copied, which touch 
upon your paper with the point of your charcoal : obſerve 
hkewiſe: the moſt PII and e figures (if 

more 


3 
:; 
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more than one) which touch gently in their proper places, 
thus running over the whole draught, you will ſee the ſke- 
leton as it were, of the work. 


But if you go on without conſidering whereunto your 
work will tend, you will be forced to draw the ſame many 
fimes over; and to as little purpoſe, if you are not exceed- 

ing careful, by which means your ingenuity may be dulled, 
and you decline all further progreſs. 


Take particular care of obtaining a right and true draught, 
and do not be uneaſy becauſe you cannot go quickly for- 
ward, for what you think may be done in two or three 


hours, it will de better to beſtow two or three days upon z 


by this means (though you act leiſurely, yet you will act 
prudently) and you will both ſooner and Penny attain the 
perfection of what you deſire. 

We ſhall now proceed to the leſſons, in regard to * 
the learner is here particularly deſired to perfect himſelf 
in the praQice of the firſt, in its ſeveral branches, before he 
attempts the ſecond; and in the ſecond, before he meddles 
with the third; not endeavouring to beceme maſter of the 
whole at once, which will only ſerve to perplex his ideas, 
and make him grow weary in the purſuit of what he will 
never by this means be likely to attain ; whereas, by pro- 
ceeding gradually from one leſſon to another, in the order 
they here ſtand; the rules will be found much more eaſy and 


practicable, and conſequently the ſtudy. ii e mood 


ee and Be, 


0 
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LESSON IL 


Of Drawing the Introductory Lines, ge" the Faire | and 
ee S | 


FIRST endeavour to imitate n upright 
Bes, and then horizontal or parallel lines, but without 
uſing the ruler ; if care be taken, a fer examples of this 
fort will do. When you can do this well, proceed to the 
curved lines, obſerving carefully their different inclingticms; ; 
and when you can with eaſe perfarm theſe, proceed to draw 
the outlines of the features of à human face, as the eyes, 
noſe, mouth, and ears; and from them to the limbs or 
parts of the body, as the arnis, hands; legs, feet, &c. they 
muſt be but faintly ſketched, fo as to be eaſily rubbed down 
with bread or Indian rubber, in order to make the way 4 
awry: before WY 


„ 
. 


1. E 8 8 O N n. . ; 


Of Pri end o.. _ 


HAVING SHRED Hh SPEER erin uh 
and not before, attempt the profile or ſide face, being very 
careful to obſerve the proportion of the ſeveral parts to each 
other; after this the full or oval face; obſerving: ſtill the 
bearings of every feature with reſpect to- the reſt, and 
keeping the proportions as exact as poſſihle. Divide the 
eye ſeen in the front into three parts; the center is the ſize 
of the ſight, and the proper opening of the eye, which is one- 
third of its length. The eye in profile s half the ſize of 
g | . "A . | the 
NN e e e 


1 


MISCELLANEOUS "ARTICLES. 23 


e having only one at n in half, The 
poſe ſeen. in front is in width the length of the eye; and in 
profile has the ſame dimenſion. See plate IJ. 


The noſtril is in height one-third of the width of the 
noſe. After proceeding with I Engg you 
| TT OC Oy 


LESSON m 


_ Figures, with the Proportions and Dimenſions of ths 
| Human Body. 

| N 
ien fol l e e wc 
and can eaſily imitate the different features, and parts of the 
body, you may then begin the figure in the following man- 
ner: ſketch the whole very lightly with your pencil or char- 
coal, then examine the proportion of the different parts; 
tubbing down with Indian rubber, and altering where neceſ= | 
| faty; when you have brought it as near as poſſible to your 
Foriginal, proceed to finiſh the figure with. the crow-quill 
pen, and Indien ink, beginning with the head, next the 
© ſhoulders, then the body, after which the arms and hands, 
chen the hips; legs and feet, taking care to correct in the 
© finiſhing any etrors in the pencil-ſketch, the. remains of 
which will be eaſily rubbed out with Indian rubber. Uſe 
ho compaſſes. till after a very minute inſpection with the 
eye, and then if the fault cannot be diſcovered; a proper 
—_— eee ry 
A . 
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The Proportions and Dimenſions F the lan Paris of the 
1 Human Body. © 


"THE beſt rhethoVd of aſcertaining theſe, is to raiſe a 
perpendicular on the place you intend for the middle of the 
figure, and divide it into heads, and from ſuch menſuration 
form a ſcale, to regulate the proper diſtances from any one 
part of the body to another : but as it has been more com- 
mon to divide the figure into ten parts, an example of both 
| theſe, together with the following rules for the illuſtration 


of each, reſpectively are siven 1 


The bei. of the Human Body, divided into Eight Hed. 
__ See Plate II. 


THE length of the head (or firſt diviſion of the figure) 
is from tlie crown or' top of the head to the bottom of the 
chin. A line ruled through the ſecond diviſion will directly 
croſs the paps of the breaſts. The third diviſion will fall a 
little- above the navel. The fourth acroſs the privities, 
which is exactly the middle of the figure. The fiſth croſſes 
the middle of the thigh. - The fixth is juſt below the bend 
of the knee The ſeventh falls a little below the calf of 
the leg. And the eighth extends to the bottom of the heel, 
Obſerve, that when the arms are extended*at full length 
in a direct line, the full extent from the end of the middle 
finger of the right-hand to that of the left, is exactly the 
length of the figure: from the middle of the collar bone to 
the end of the middle finger, is juſt four heads, viz, the 
felt to the bend of the ſhoulder, the ſecond to the elbow, 
| the third to the wilt, and the fourth to the fingers end. 
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\From-ſhoalder to ſhoulder in a man of common ſize, me- 
ſure exactly two heads; there can be no preciſe ſtandatd for 
the breadth of the limbs, which vary according to the bulk 
IR 009 the — of the ** 


The Proportion of the Human Bady divided into Ten Heads. 
See Plate II. 5 


THE firſt of theſe diviſions extends from the crown of 
the head to the under lip. The ſecond à little below the 

collar bone; and a line drawn through this part of the 
_ figure; will preſs over the middle of the ſhoulder. © The 
third diviſton will make a line juſt below the paps | 
of the" breaſt. The fourth will reach juſt below the 
navel. The fifth which is the middle of the figure, di- 
rectly acroſs the privities. The ſixth will paſs over the 
middle of the thighs, The ſeventh croſſes the bend of the 
knee. The eighth directly through the calves of the legs. 
The ninth reaches half way from the calf, to the bottom 
e de which determines the eee aft nene 
a N | 


As hope wil And hg ess 
vantage, it will be again neceſfary, to adviſe him to make 
due application, till it become ſtrongly impreſſed on his 
mind, and they will enable him to judge of the productions 
of nature in the formation of the human body, but it is in- 
diſpenſibly neceſſary that the pupil ſhould-have ſome know- 
ledge in anatomy, it being the fundamental part of deſign, 
which enables him to diſcover the beauties of the antique; ĩt 
would therefore be neceſſary to recommend the ſtudent to 
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pay — two-i, , ſo much of it a is necedſary 
nenn ts e | 5 


LESSON 1. 


HAVING drawn the out line of the ſigure yon want 
to clothe, faintly with charcoal, Whiſking out the faulty 
part with a feather, till the figure appear in the attitude and 
proportion of the original; ſketch the outline of your dra- 
pery lightly, with the feveral folds, remembering that they 
muſt not croſs each other. Due regard muſt likewiſe be 
paid to the quality of the drapery; as ſtaffs and woollen 
doth are more harſh than ſilk, which is always flowing and 
enſy. Retnetnber that the drapety mult not {tick too cloſe 
to the body, but let it ſeem to flow eafy about it, and yet 
appear ſo that the motion of the figure be free and natural. 
Be carefnl that the drapery ſuppoſed to be blown by a breeze 
of wind all flow one way, and draw the parts next the body 
before thoſe which fly off. The garments muſt always 
dend with the figure, und if you inake the drapery almoſt 
dcloſe to the body the ſmaller muſt be the folds, and ĩſ quite 
cloſe there muſt be no folds, but only a faint ſhadow, to re- 
preſent that pitt of the body which it Covers; the ſtudent 
ſhould tate. Every 'oppottmiity to improve in this wictul 
branch, by remarking the folds us they affpear in the dra- 
-pery of gontlemen and ladies, according to the ſeveral po- 
| tions, dy following this unerring rule of Mature, the 
Jearner will gteatly En own. ideas, and ſoon Stain 
perſection. 


, 8 Thus 
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Thus far might fexve to give the young drafiſman-a go» 
neral idea af drapery; but that he may not be at 3 laſs'in - 
perſecting himſelf in this art, a few more nn 
RC ee 


N. Bo careful tg Tos. eee 
ſuperſluity of drapery. 2. Let as mueh of the ſatm of the / 
body as poſſible be ſhewn underneath it. 3. When the 
draperies are large, throw them inta as many folds as y 
can, and let theſe be large and graceful, 4. On the. con- 
trary, let thoſe which are cloſe to the body, be looſened by 
ſmall folds judiciouſly placed; it will be the means of avoid- 
ing that ſtiffneſs, which for want of this caution appears, 
when the drapery is made to fit too ſtrait, and makes the 
figure ſeem as if wrapped round with a bandage, inſtead of 
being gracefully clothed. 5. When much drapery is re- 
quired; let the greater part (if poſſible)/ be thrown into 
. ſhadaw,” 6. Obſerve that the folds which fall in the light 
muſt have ſuch ſoft and tender ſhadows, as may make 
them fit hollow from the body, and not ſeem to girt too 

cloſely to iti. 7. Let the folds be properly contraſted, and 
avoid ſtrait lines as much as poſſible. '8. A judicious: 2 
petition of folds in a eireular formgreatly contributes to cha- 
raQerife a fore-ſhortened limb. g. Iu fixed attitudes let 
the drapery appear motionleſs (unlefs . 
But the drapery of figures moving with great agility, ſhauld 
feern to play as if agitated by the wind, but in 3 
only to the velocity of the figures in motion 1 


| To conclude this part of the Hibjelt with one ufeful 
caution, viz. Let the pupil be careful how he fudies 
ſtatues, and remember that the beſt of them are only me- | 
CO OED whoſe lives were ſpent in en- 

deavouring 
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9 


varied ea to the different taſte of each; and e na- 
ture of the materials upon which"they, wrought: and Jet it 


likewiſe be remembered, that there is a ſtiffneſs which 
ſhould be ſtudiouſly avoided in a copy (even though a cor- 
rect one) made after the fineſt ſtatue, which will never con- 


vey any idea but that of: a ſtatue,” whereas there is ſuch a 


freedom obſeryable in the imitations of nature, as evidently 


diſtinguiſhes. them from thoſe taken either from marble or 


| plaſter. 
6 Z — —— 1 1 S S ON 14. 
. HAVING obtained the folds, and the other parts of 


ane you may next attempt Rr figure, 
. Ae alain nad. 1 Jo | 


q 18 the drawing with the 3 ot pen in which 
great care is required. Firſt obſerve from which ſide the 
light comes in, which if natural ought ta be. from the tight 
or left; for when the light comes in the middle, it 1s called 
an artificial light, as proceeding from ſome artificial lumi- 
nary, as a candle, lamp, &c; ,, Lay your ſhades rather faint 
at firſt, that you may een Mt: pins where 
neceſſary. | Net 10 LION | 
Remember that your ſhades muſt be all on the ſame ſide of 
- the figure, that is to ſay, if the right ſide of the face be in 
| ſhade, ſo muſt the ſame ſide of the body, arm, leg, &c. 


Your ſhades muſt he fajnt as they approach: the light, the 
ſtrength 
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ſrrengtn each creaſing wu, the extremities, 0 


e eee e 


X piece of p paper, or r glove leather, rolled hard and cut 


et to a point like a pencil i is uſeful (if you ſhade with 


e pencil, red chalk, « or crayons) to blend the ſhades, and 
ſoften them, into each other, as alſo where they appear too 
ſtrong t to weaken them. By e examining nature you will im- 


prove your ideas in light and ſhade, as well as in out- lines, 


and be enabled to form a right judgment of the truth of your 
drawing. Indian ink may be prepared for a few different 


ſhades, by rubbing i it more or leſs in water on a marble 


ſtone cut in hollows, for that purpoſe, reſerving one of the 
hollows for the water. | 


= 4 a penſte Draught of @ Pidurt. 


+ 1. TAKE aſheet of the fineſt whitepaper youcan get, wet 
it ovYer with clean linſeed oil on one ſide, and wipe the oil 
off again as clean as you can, then let ĩt ſtand and dry, other- 
wiſe it will ſpoil a printed picture by the ſoaking thorough 
of the oil; having thus prepared your paper, lay it on any 
printed dr painted picture, and you may ſee perfectly 
thorough it; then with a black lead pencil, you may copy 
with eaſe any picture on the oiled paper, then put it upon 
2 ſheet of clean white paper, and with a little pointed tracer, 
or burniſher, go over your ſtrokes which you drew upon the 


diled paper, and you rb e and 


| exaQtly rd white Paper. 
2 HA- 


* « 
A -  S4 token 0 


11 


} 
1 
1 
Fj 
1 
5 
1 
i / 
4 


1 


„% MISCELLANEOUS ARTICLES. 


2 HAVING drawn the pichue, the the died pepe, 
and pin it upon a ſheet of white paper, and prick over the 
drawing with a pin, then take it off and lay the white paper 
upon the thing you would draw, and duſt it over with char- 
coal duſt tied looſely in a rag, and it will leave a true copy 
of your original, which you may touch up with a black lead 
pencil; the pricked paper will laſt you longer, and likewiſe 
be more complete, if it was varniſhed over and made per- 

ſectly dry before you prick i it, | 


= as as ms a 2 


3. TAKE a piece of fine paper as above, and bruſh it 
over with oil of turpentine, it will immediately become 
tranſparent, and may be uſed without loſs of time in drying, 
It ſhopld not be prepared before jt is wanted, becauſe as it 
dries it loſes its tranſparency, 


4. TAKE a ſheet of fine white paper and rub it over on 
one ſide with black lead, -or elſe with vermilion, tempered 
with a little freſh butter, lay the coloured ſide upon a ſheet 
of whitz paper, and lay the picture ycu would copy out 
upon the other ſide of the eoloured paper, and with a ſmall 
pointed tracer, go over all the ſtrokes of your picture, and 
the ſtrokes will 2 on the white paper. 


T = O©@ © © mw» 


5. TAKE x piece of white W n ir 
npon your picture, then with a hard nib'd pen, and ink, 
draw the ſtrokes of your picture upon the horn; and, when 
I it is dry, breathe upon the horn ir order to moiſten the ink, 
then preſs it hard on a piece of white paper alittle wetted, 

and the picture you drew upon the bern Wilf appear upon | 


the paper. TOTS your 8 5 over 
the b fade: , 
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6. LAY a paper print upon a bright glaſs window, with 
the back-ſide of the print upon the window, then lay a 
clean paper upon the print, and draw the out- ſtrokes upon 
the paper, which you may viſibly ſee, it being ſet up againſt 
eee e CI 
. — 


| 


Waal, Canp Pager, Wanner. 
without Pen, Ink, or Pencil. 


Take ſome hard ſoap, mix it with lamp black, make 


it into the conſiſtence of a jelly, with water; with this, 


bruſh over one ſide of your paper, and let it dry: when you 
uſe it, put it between two theets of clean paper, with its 
black fide downward, and, with a pin, or ſtick, with a 
| ſharp point, draw or write what you pleaſe upon the clean 
paper; and where the tracer has touched, there will be the 
wnpreſion upon the lowermoſt ſheet of paper, as if it had 
aan 6 


n mixing the fp wh ; 


different colours. 


The Method of Enlarging and Contracting, 


DIVIDE your original with a pair of compaſſes into 
any-aumber of ſquares, and rule them acroſs with a black 


lead penoil from ſide to ſide and from top to bottom. Then, 


having your papar of the ſuae you intend, divide it into the 
ſame number of ſquazes, either larger or leſs, as ꝓou would 
I or contract it. W cane cons. ah: NEE 

and 


\ 
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2 HAVING drawn the picture, hecho Bled: paper, 


and pin it upon a ſheet of white paper, and prick over the 
drawing with a pin, then take it off and lay the white paper 
upon the thing you would draw, and duſt it over with char- 
coal duſt tied looſely in a rag, and it will leave a true copy 
of your original, which you may touch up with a black lead 
pencil; the pricked paper will laſt you longer, and likewiſe 
be more complete, if it was varniſhed over and made per- 
fectiy dry before you prick it. 


3. TAKE a piece of fine paper as above, and bruſh it 
over with oil of turpentine, it will immediately become 
tranſparent, and may be uſed without loſs of time in drying, 
It ſhould not be prepared before it is wanted, becauſe as it 
dries it loſes its tranſparency, 


4. TAKE a ſheet of fine white paper and rub it over on 
one ſide with black lead, -or elſe with vermilion, tempered 
with a little freſh butter, lay the coloured ſide upon a ſheet 
of white paper, and lay the picture ycu would copy out 
upon the other ſide. of the eoloured paper, and with a ſmall 
pointed tracer, go over all the ſtrokes of your picture, and 
the ſtrokes will wr on the white paper. 


5. TAKE 2 NOOR of white ward bn it 
npor your picture, then with a hard nib'd pen, and ink, 
draw the ſtrokes of your picture upon the horn; and, when 
it is dry, breathe upon the horn in order to moiſten the ink, 
then prefs it hard on a piece of white paper a little wetted, 


and the picture you drew upon the bern wilf appear upon 


the paper. W e 
the cb ide. , 
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6. LAY a paper print upon a bright glaſs window, with 
the back-ſide of the print upon the window, then lay a 
clean paper upon the print, and draw the out- ſtrokes upon 
the paper, which you may viſibly ſee, it being ſet up againſt 
the light, and by this method you may ſhadow it as fine 
nne 


- < W ; 


| 


Tomake Camp Paper, pb ated ena. ode, 
without Pen, Ink, or Pencil. 


TAKE ſome hard ſoap, mix it with lamp black, make 


it into the conſiſtence of a jelly, with water; with this, 


bruſh over one ſide of your paper, and let it dry: when you 
uſe it, put it between two theets of clean paper, with its 
black fide downward, and, with à pin, or ſtick, with a 
_ ſharp point, draw or write what you pleaſe upon the clean 
paper; and where the tracer has touched, there will be the 
impreſſion upon the lowermoſt ſheet of paper, as if it had 
Ron pit” 


tated mixing the dar with { 


different colours. 


Th Method of Enlarging and Contrafing, 


DIVIDE your original with a pair of compaſſes into 
any number of ſquares, and rule em acrols with a black 


lead penoil from ſide to ſide and from top o bottom. Then. 
having your paper of che ſue you intend, divide it into the 


ſame number of ſquazes, either larger or leſs, as you would 
* or contract it. N —_—y 
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and draw ſquare by ſquare the ſeveral. parts; obſerving to 
make the part you aredrawing fall into. the ſame part of the 


ſquares as it does in your original. To prevent miſtakes, 


number the ſquares both of the original and copy, as in 
fig. 1 and 2, plate I. Then outline it with Indian ink, 


rub out the marks of the pencil with bread, and ſhade. it at 


pleaſure. 
* Though this is an antient method, yet it is now-much 
practiſed, rota earn he pea im general. 
* Method 1 baue ane Plates. 
ETCHING is a manner ma . 


wherein the lines or ſtrokes, inſtead of being cut with a 
too er ge, ei ieee. 2 


Eitching bas e e be eee il as be- 


ing done with more eaſe and expedition; ad. as requiring 
fewer inſtruments ; and 3d, as repreſenting curious kinds 
of ſubjects better and more agreeable to nature, as land- 


ſcapes, ruins, grounds, and ſmall, faint, looſe, remote ob- 


Jet &c. 


of the proper Lage. rand Materials gf in Bibi 


THE. principal. inſtruments for poo are — 
ail-ſtone, bruſh- pencils, burniſher, ſcraper, compaſſes 
ruler, tracer, and the frame: the materials ROE n 
. weve 21 ona, ring ei st 1 
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The needles are to be choſen of ſeveral ſizes, of a fine 


grain, and ſuch as will break without bending. Theſe are 
to be fixed in round ſticks, of firm wood, about fix inches 
in length, and of the thickneſs of a large gooſe-quill { they 


are to ſtand out of the ſticks about a quarter of an inch; or | 
ſomething better. Of theſe you ſhould have twenty at | 
leaſt, which may be fixed in ſuch TINA 


at the other end. 

The uſe of the oiltone is for wihettitig he ede 
which, if you would have the points round, muſt be whet- 
ted ſhort upon the ſtone, by turning them round; and if 
you would have them ſloping, they are fitſt to be blunted 
upon the oil-ſtone, and then whetted ſloping on one ſide 
ann elf they ce x hare def wild oral, 8 


The bruſh- pencil is to hs A nie ur da 
and to ſtrike the colours pan aj or varniſh, 
when laid upon the plate, 


The burniſher is a piece of lee well hardened, ſomewhat 
roundiſh at the end, I bg oa a luſtre.to 
thy Js, © | | | 


The ſetipet is one of the nd fitted for clear 
ing che plate of all deeper ſcratches ot ſtrokes which the 
e ee eee 


The elbe uss of the compliits is in meaſuring diſtances, 


or ſtriking circles, or ſome part or portion of them, Where 


you would have your work to be exact. OE | 
F The 
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The ruler is uſed chiefly in drawing all the ſtraight ade 
or lines of 2 upon e or to hh 


The tracer is uſed for toning 9 all the outmoſt 
lines or circumferences of the print, . or Fs: 
which 1 is * after. 4 


| "There are two n of etching, viz. one with hard 
varniſh or ground, the other with ſoft. The hard was for- 
merly much uſed, being better accommodated to the inten- 
tion of imitating the engraving with the tool; as the firm- 


neſs of the body of the varniſh, gave more opportunity of re- 


ouching the lines, or enlarging them with the oval-pointed 
needles ; but the ſoft varniſh, has now almoſt wholly ſuper- 


ſeded the uſe of the hard * the free manner of W- it 


W of. 


-” 
0 * 


25 ad = V, arniſb * Biking 


"TAKE $j virgin's, s. wax fe 3 * two ounces; 
of black pitch and Burgundy pitch in a new earthen- ware 
glazed pot; and add to them by degrees, the aſphaltum 
finely powdered. Let the whole boil, till ſuch time as that, 
taking a drop upon a, plate, it will break when it is cold, on 
bending it double two or three times betwixt the fingers. 
The varniſh being then boiled enough, it muſt be taken off 
the fire, and letting it cool. a little, muſt be poured into 
warm water, that it may work the more eaſily with the 
hand, ſo as to be ſormed into balls; which muſt, be rolled 
up, and put into a piece of taffety for uſe, 


.. 
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It muſt be obſerved, firſt, that the fire be not too Mo- 
lent for fear of burning the ingredients; a flight ſimmering 
will be ſufficient: ſecondly, that while the aſphaltum is 
putting in, and even after it is mixed with them, the ingre- 
dients ſhould be ſtirred continually with the ſpatula : and 
thirdly, that the water, into which this compoſition is 
thrown, ſhould be nearly of the ſame degree of warmth 
with it, to prevent a kind of cracking that happens when 
the water is too 225 


The varniſh da always to be harder in ſummer than In 
Winter; ; and it will become ſo if it be ſuffered to boil longer, 
or if a greater proportion of aſphaltum or brown roſin be uſed. 
The experiment above-mentioned, of the drop ſuffered to 
cool, will determine the degree of hardneſs or ſoftneſs that 
may be ſuitable to the ſeaſon when it is uſed, 


The Method of applying the Seb Varniſh to the Plate. 


THE plates are to be procured ready for the work, at the 
braziers, but there are people whoſe buſineſs it is to make 
them of all ſizes in London. Having a plate according to 


the ſize you intend, clear it from all greaſineſs by chalk or 


Spaniſh white, fix a hand vice on the edge of the plate, where 
no work is intended to be, to ferve as a handle for managing 
it when warm: then put it upon a chaffing-diſh in which 
there is a moderate fire, obſerving to hold it ſo that it may 

not burn: keep the plate over the fire till it be ſo hot, that 
te varniſh, being brought into contact with it, may melt: 


den cover the whole plate over with a thin coat of the var- | 
niſh, and while the plate is warm, and the varniſh upon 


it in a fluid ſtate, dab (or beat) every part of the varniſh 


* F2 gently 
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gently with a ſmall ball (or dabber) made of cotton tied up 
in taffety ; which operation ſmooths and diſtributes the var- 
niſh equal over che plate. 


Wen the plate is thus uniformly and thinly covered with 


the varniſh it muſt be blackened by a piece of flambeau, or 


large candle, which affords a copious ſmoke; ſometimes two 
or even four, ſuch candles are uſed together for the ſake 
of diſpatch, that the varniſh may not grow cold; which if 
it does during the operation, the plate muſt then be heated 
again, that it may be in a melted ſtate when that operation 
is performed: but great care muſt be taken not to burn it, 
which, when it happens, may be eaſily perceived by- the 
varniſh appearing burnt and loſing its gloſs, 


Itis proper to be very cautious in keeping the 1 


or candle at a due diſtance from the plate, leſt the wick touch 


the varniſh, which would both ſully and mark it. If it ap- 
pear that the ſmoke has not penetrated the. varniſh, the plate 
muſt be again placed for ſome little time over the chaffing- 


diſh; and it will be found, that in proportion as the plate 
grows hot, the varniſh will melt and incorporate with the 
black which lay above it, in ſuch a manner, that the whole 


Wr | K 8 


Above all things, the greateſt caution ſhould be uſed i in 


this operation, to keep all the time a moderate fire; and to 
move frequently the plate, and change the place of all the 


parts of it, that the varniſh may be melted alike every where, 
and kept from burning, Care muſt alſo be taken, that dur- 


ing this time, and even till the varniſh be entirely cold, no 


filth, ſparks, or duſt fly on it; for they would ſtick faſt, and 


| og the work. 
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eue nue. 


TAKE four ounces of fat oil, eee e 
48 linſeed oil, like that uſed by painters: heat it in a 
clean pot of glazed earthen ware, and afterwards put to it 
four ounces of maſtich well powdered, and ſtir the mixture 
briſkly, till the whole be melted, then ' paſs the whole 
maſs through a piece of fine linen, into a glaſs bottle that 
can be ſtopped very ſecurely ; and ĩt is ſn for uſe. The me- 
thod of applying this varniſh, is preciſely the ſame as for the 
ſoft; being ſpread equally over the warm plate with the taf- 
fety ball, and ſmoked in the fame manner; only after it is 
ſmoked, it muſt be baked, or dried over a gentle fire of char- 
coal, till the ſmoke from the varniſh begins to decreaſe, 
taking care bebe e ee aaa ag: 
ſoften it and burn the varniſn. = 


Tomale the an Wax for the Borders of the Plate, fo beep th 
| ' the AD 
- TAKE dg of bees wax, temper it with a little 


eee to a proper conſiſtence, which 
e 


en ref bu, 


- THE method of exching/ is as follows: the plate being 
eevered over with a peculiar ground or 'varniſh, as already 
directed, and that ſide blackened with the ſmoke of a candle; 
the back: ofuks deign-ge-drmghty heldower the yarnifh, 
bas being 
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being firſt rubbed with red chalk : then the deſign being laid 
on, is to be transferred upon the varniſhed fide of the plate. 
This is done by tracing over all the lines and ſtrokes of the 


Araught with a needle or point, not very ſharp, which preſ- 


ſing the paper cloſe down to the ground, cauſes the wax to 
lay hold of the red chalk, and thus brings off with it the 
marks of the ſeveral lines, ſo that at length EOS af 
. Cas 7 Ee ly. 0? of 


In the mean time, it De e et that ſuch 
parts of the plate as you do not work upon is to be cover- 


ed with a ſheet of fine White paper, and a ſheet of brown 


over that; upon this you may reſt your hand, to keep it 
from the varniſh. If you make uſe of a ruler, lay ſome part 
of it upon the paper, that it may not rub off the varniſn; 
and take ſpecial care that no duſt or filth get in between the 
paper and the varniſh, becauſe that would hurt it. | 


The draught or deſign being thus chalked, the etcher 
next proceeds to draw the ſeveral lines with a pointed tool 
through the ground upon the copper. In doing this, he 
makes uſe of points of various ſizes, and preſſes them on 
more ſtrongly or lightly according as the ſeveral parts of 
the figures &c. require more or leſs ſtrength or boldnefs. - 


This being done, a rim or border of wax is raiſed round 
the circumference of the plate, to keep in the aqua-fortis, 
and prevent it from running off at the edges; and then it is 
poured on the plate ſo prepared. The ground or varniſh 
with which the plate is covered, defends it every where from 
the corroſive quality-of the aqua-fortis, except in thoſe lines 
or hatches cut through the ground with the points, which 


lying open, the water paſſes through them into the copper 


— 
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and . 196 OO OW. 
poured off again, . 8 


It is to be obſerved, that the aqua · ſortis muſt not con- 


ern 9 


tinue equally long, or be. poured on equally over all the, 


parts of the deſign; and you muſt let it down to a proper 
ſtrength with water, which no rule but practice can teach, 

without the ſtrength of the aqua - fortis could be Ke 
ed, and likewiſe the goodneſs of. the ground; the remote 
parts muſt firſt be eaten more {lightly than thoſe nearer to 
the view. For affecting this, a compoſition of oil and 
greaſe with which they cover all the parts that are to be eaten 
no is made uſe of; or elſe this compolition is at 
firſt laid 1 and taken oft again when they 
had it proper. In a word, they are every now and.then 
covering or uncovering, one or another part of dhe SR 
as occaſion requires, "AA UE 


| The management of the — — is = of ries iy 
ter i in the whole art of etching, and that on which the effect 
of the whole chiefly depends. The workman muſt be ob- 
ſervant as to the ground, that it does not fail or give way in 
any part to the aqua-fortis; and if in any place it does, to 
ſtop up that with common, varniſh, It mult be alſo ob- 
ſerved that a freſh dip of aqua-fortis muſt never be given 


without W out the ms in fair water, and drying 


it at the fire. 
| | When . has performed its part, the ground 
muſt be taken off and the plate waſhed and dried; after 
Which, the artiſt muſt examine it, and with his graver 
touch ĩt up. and heighten it where the aqua-fortis, &c. 
milled, 4 
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Particular Diredtion Fi, Eiche e.. 


IN making lines or hatches, as there muſt be ſome 
bigger and ſome lefs, ſome ſtraight and ſome crooked, you 
muſt uſe ſeveral ſorts of needles, bigger or leſs, as the work 
requires.” The large lines are made by leaning hard on the 
needle, the point being ſhort and'thick (but a round point 
will not ct the varniſh, clear), apy making divers lines | or 
hatches very cloſe to one another, and then paſſing over 
them again with a thicker needle ; or by making them with 
a pretty large needle, and letting, the agpa-torys be longer 
thereon, 


| 


A ha: k A 


* — 


II your ilk a or batches Hould be of an —— thickneſs 
from end to end, lean on the needle-with an equal force; 


leaning lightly where you would have the lines or ſtrokes f 


fine or ſmall; and heavier where you would have them ap- 
pear dep ur hte If the lines are too ſmall; paſs over 


them again, with'a ſhort, but round point, of ſuch a bigneſs 


as you would have the line, E ſtrongly where you 
woult hate it deep. 2 
The manner af Wade 0 mp needle vie 41 points, 
which is moſt proper for making large and deep ſtrokes, 
much reſembles tfiat of a pen; only the flat ſide hetted is 
uſually held next the thumb, yet it may be uſed with the 
face of the oval turned towards the fide of the little 
aa e. 1 Hrn e UT LNNE ene . 


Tfyou would tal a "hay Woke." you ſhould draw it 
with a fine needle;-and'in uſing the oval points, hold them' 


as upright, and ſtraight in your hand as you can, ſtriking 


Jour 
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your ftrokes firmly and an, for that will add much to 
their beauty and clearneſs. | 


1 etching landſcapes, you muſt uſe ſlender points for 
fxint ſtrokes to thoſe places at the greateſt diſtance from view, 
as alſo thoſe neareſt the light; and muſt be careful, while 
at work, to bruſh off all the duſt worked off with the 


It is neceſſary to obſerve, that you ought to be ſo far 
maſter of the art of drawing as to be able to copy any print 
e ee, eee after good heads of plaſter 
or figures, according to your own fancy, and to ſhadow 
every thing exactly according to art; and therefore, when 
you imitate plaſter, be ſure to take the true out-lines 
or circumferences; and taking notice how the ſhadow falls, 
to do it very faint, as ſoft as the deſign requires. There- 
fore it is convenient that you be able to hatch with the pen 
exactly, after good copies; and when you can do that, to 
CAESAR and then to draw from the life, | 


| 1h e e beam dam uf ag buiag un price 
upon the ground of the plate, you muſt ſcrape a little 
white-lead on the backſide : then take a feather and rub 
it over every where alike, and ſhake off that which remains 
looſe. | 


Having done this, lay the print on the plate, over that 
| fide where the lead is, and faſten the four corners of it to 
the plate with a little ſoft wax: then take the tracer and 
draw upon the print all the outmoſt lines or circumferences 
exactly. When you have done this, take off the print from 
Co os ee 
4 G which 


| with an different needles . to the _— 
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which you drew upon the print with neee 
be found upon the ground. 775 | 


- Then you muſt obſerve exactly how your original or pat- 
tern is ſhadowed, how cloſe the hatches are joined, how they 
are laid, and which way the light falls or comes in; this 
mult be made to fall one way, and if the light falls ſideways 
in the print, you muſt hatch that ſide darkeſt which is 
is fartheſt from the light; and ſo place the lights altogether 
on one ſide, and not confuſedly, c e 15 8 60 
on the other. 


Take | ond how cloſe all the hes join, how they in« 
cline, and which way they twiſt and wind: this follow as 
exactly as you can, but before you begin to hatch or ſhadow, 
you muſt not fail to draw all the out-lines with a needle 
upon the ground as artificially as you can, and ſhadoy it 


In landſcapes, that part next the eye, be 
ſerved is to be hatched darkeſt, and the reſt is to decline in 
its ſhadows by degrees the farther it is off from view. The 
ſame method is to be obſerved in etching a ſky, for that 
which is neareſt to the eye muſt be ſhadowed darkeſt, but 


in general as ſoft and faint as poſlible, loſing itſelf gradually, 


as directed before; and, by how much nearer the ſky 
comes to the ground, by ſo much the more looſe and faint 
muſt it be made to appear, and where they both meet as it 
ffn ot r. $52 


ads . n Kind vice, 
then hold it over a charcoal fire till it be warm; rub a piece 
"Ivy wax all nn... it very even with a 
Sead feather, 
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feather, and then letting it cool. The letters being written 
on paper with a black lead pencil, lay the written ſide down- 
wards upon the waxed plate, and faſten the four corners 
with a little ſoft wax, placing the writing ſo exact, that 
the lines may run ſtraight. Then rub the backſide of the 
paper all over with a burniſher, taking care not to miſs any 
part thereof, and taking the paper off the plate, you will 
find all the letters written on the paper left: exact on the 
wax. Then draw all the letters through the wax on the 
plate with a tracer, and afterwards clean the work from the 
looſe wax with a linen rag or pencil bruſh; and laſtly, 
pouring on the aqua-fortis, the letters will be etched: all 
the former operations being performed, waſh the plate with 
fair water, and ſet jt wet upon the fire till the mixture be 
well melted; then wipe it very clean on both ſides with a 
linen-cloth till it is thoroughly clear of all the mixture, In 
the next place, take good charcoal, and pulling off the rind; 
put fair water on the plate, and rub it with the charcaal, 
as if you were to poliſh it, and by this operation you will 
t off the varniſh; only you muſt remember that the char- 
coal is to be free of all forts of knots and roughnels, and 
that no ſand or filth fall on the plate. After this, adding 
two thirds of fair water to one third of common aqua-fortis, 
dip a linen rag in it, which by rubbing the plate all over, 
will reſtore it to its former beauty. However, it is neceſ- 
ſary that the plate be wiped after this, with dry linen-rags, 
t take off the ſaid water, this is done by holding ĩt a little 
before the fire, putting on a little olive- oil, and with the fur, 
of an old beaver hat rolled up, id * oh all WE: 
| rere eee n ited 
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belly riſes gradually above the plate, fo as that, w 
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Laſtly, if any places require to be touched with the 
graver, as it frequently happens, eſpecially where it is to be 
very deep or black, carefully correct them; and then the 
yy is See gon 

mY | Of Buywving: 

THE tools neceſſary for engraving are, the he 
büdben ſcraper, oil- ſtone, needles, and ruler, already 
mentioned to be uſed in etching ; alſo gravers, compaſſes, 
a ſand bag, and ſome good charcoal. 

Gravers are of two ſorts, ſquare and lozenge ; three af 
each ſort ſhould be provided. , The firſt is uſed in cutting 
the broader ſtrokes, the other for the fainter and more deli- 
cate. No graver ſhould exceed the length of five inches and 
a half, the handle included, exorpting bor Fanight lines 


| The fand. bag or cuſhian, is uſed to lay the - on, for 
the conveniency of turning it about. The oil-ſtone muſt 
be of the Turkey fort, and may be procured at the irog- 


deu ond por th Cre. 


ADs bs Act 
particularly the belly of it, care muſt be takey to lay the 
two angles of the graver, which are to be held next the 
plate, flat upon the ſtone, and rub them ſteadily, till the 
you 
lay the graver flat upon it, you may juſt perceive the light 


under the point; * and 


then 
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then- it will be impoſſible to keep a point, or execute the 
work with freedom. In order to this, keep your right arm 
cloſe to your fide, and place the fore-finger of your left 
hand upon that part of the grayer which lies uppermoſt on 
the ſtone. When this is done, in order to whet the face, 
place the flat part of the handle in the hollow of your hand, 
with the belly of the graver upwards, upon- a moderate 
flope, and rub the extremity or face upon the ſtone; till it 
has an exceeding ſharp point, which you may try upon your 
thumb nail. The en, while in uſe, muſt never be 
kept without oil. 


When the graver is too hard, as is uſually the caſe when 


firſt bought, and may be known dy che frequent breaking 
em ann | 


eee de wal hot, bee ds nner ups it Wii 
half an inch of the point, till the ſteel changes to a light 
ſtraw eolour; then put the point into oil to cool: or, hold 
the graver cloſe to the flame of a candle, till it be of the 
ſame colour, and cool it in the tallow ; but be careful either 
way not to hold it too long, for then it will be too ſoft; and 
in this caſe the point, which will then turn blue, muſt be 
tempered again. Be not too haſty in tempering; for ſome- 
times a little whetting will bring it to a good condition when 
jt is but a little too hard, 


eee eee 
nas with the belly, or ſharp edge of the graver, ig 
fide flat, that it may be no obſtruction, =o 105 


7 ” 
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Hold the handle in the hollow of your hand; and extend. 

ing your fore-finger towards the point, let it reſt upon the 
back of the graver, ere eee Nee one 
ey anag 8 


e cet tre 
ee hergoiwes] for they will prevent you from carry» 
APY 8 with the Fats; and from oy ne 


Sn. 15 


of ting 0 De fon upon the Plate. 


" AFTER you have poliſhed th plats ive and ſmooth 
heat it ſo as it will melt virgin- wax, with which rub it 
thinly and equally over, and let it cool. Then the deſign 
' which, you lay on, muſt be dmwyn on paper, with a black | 
lead pencil, and laid upon the plate. with its penciled fide: i 
upon the wax, then preſs it to, and with a burniſher go over . 
every part of the deſign, and when yqu take off the paper, b 
you, will find every line which you drew with the black lead 0 
pencil upon the waxed plate, as if it. had been drawn; then * 
j with a ſharp pointed. tool, trace all your deſign through the; J 
| wax upon the Le ee eee 
4 gad procecd to work. % 5316 418 bh a eil 
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Direction. far OY 


— . .. 
* 


LET the table ar beant you work The mad trad; s 
upon which place your ſand bag with the plate upon it; and 
| holding the graver as above mod it is Ros 


ang manner : cob fr S- .x 44 
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For ſtraight ſtrokes, hold your plate firm upon the ſand- 
bag with your left hand, moving your right hand forwards; 


leaning lighter where the ſtroke ſhould be fine, and harder 


where you would have it broader. | 2 


For circular or crooked ſtrokes, hold the graver bella, 
5 wann ſee convenient. 

Learn to carry. your hand with ſuch a fight, kn you 
may end your ſtroke as finely as you began it; and if you 
have occaſion to make one part deeper or blacker than 
another, do it by degrees: and that you may do it with 
greater exactneſs, take care that your ſtrokes be not too 
cloſe, nor too _— 


Ia the courſe of your work, ſcrape off the roughneſs 
which ariſes, with the belly of your graver; but be careful, 


in doing this, not to ſcratch the plate: and that you may 


ſee your work properly as you go on, rub it with the oil- rub- 
ber, and wipe the plate clean, which will take off the glare 
of the copper, and ſhew what you have done to the beſt ad- 


vantage. 
Any miſtakes or ſcratches in the plate may be rubbed out 
with the burniſher, and the part levelled with the ſcraper, 


poliſhing it again afterwards lightly with the burniſher, or 


charcoal, 


"Haring thus attained the uſe of the graver, according to 
the foregoing rules, you will be able to finiſh the piece you 


had etched, by graving up the ſeveral parts to the colour of 


the original; R with the fainter 
parts, 
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parts, and advancing gradually with the ſtronger till the 
amn 


The dry THe (ſo called becauſe not uſed till the ground 
is taken off the plate) is principally employed in the ex- 
veme light parts of water, ſky, drapery, architecture, &c. 


For your firſt practice, copy ſuch prints as are openly 
ſhaded; the more finiſhed ones being too difficult, till you 
have gained farther experience. 


To prevent any obſtruction from too great a degree of 
light, the uſe ofa ſaſh, made of tranſparent, or fan-paper, 
paſted on a frame, and placed ſloping at a convenient diſ- 
tance between your work and the light, will not only pre- 
ſerve the ſight, but, when the ſun ſhines, it cannot pollibly 
be RT with. 


07 Mexzetints-Scrapinge 


THIS art, which is of late date, is recommended to 
the practice of the ingenious teader, for the amazing eaſe 
with which it is. executed, eſpecially by thoſe who have any 
notion 0 drawing. | 


Mezzotinto prints are thoſe which have no hatching of 
ſtrokes of the graver, but whoſe lights and ſhades are blended 
together, Waere like a drawing 2 Tran ink. 


" Th tools uſed in this art are, the copper-plate, oil- 
ne, grounding tools, ſcrapets, burniſhers, and needles, 


Diredtio | 


oo 0 0 6 =  w rw oi ff - we 4” 


nisse owes Aries 


8e 66 Fer 75 f , 1275 
| Direttims for ling, the Mezzo atinto Ground. "a 


MAR K off upon the bottom of the plate, the diſtance 
you intend to leave for the writing, coat of arms, &c. then 
laying your plate with a piece of ſwanſkin- flannel der it 
upon your table, hold the grounding. tool in your * per- 
pendicularly, lean upon it moderately hard, continually 
rocking your hand in a right line from end to end, till you 
have wholly covered the plate in one direction: next croſs 
the ſtrokes from ſide to ſide, afterwards from corner to 
corner, working the tool each time all over the plate; in 
every direction, almoſt like the points of a compaſs; taking 
all poſſible care not to let the tool cut (in one direction) 
twice in a place. This done, the plate will be full, or, in 
C and would, if it were 


tel, appear completely black. 


e the ground, take the ſcrapings of W chalk, 
and with a piece of rag rub it over the plate; or you may 
with two or three candles fmoak it, as before directed fot 


etching, 


Now; take your print or drawing, and having rubbed 
the back · with red chalk duſt, mixed with nn * 


nan. e ome uh 
Ak R a blunt needle; gud an yi ny only, 


oy . _— 
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plate, as 1 and fi as poſſible, in proportion to the 
ſtrength of the lights 1 picture, King care not to hurt 
your outlines : and that you may ghe better ſee what you do, 


with the thumb and fore-finger of the left hand hold a 
piece of tranſparent paper, ſloping, juſt over your right 
hand, and you will ſoon be a judge of the different tints 
of the Mork you are doing; ſcraping off more or leſs of 
the ground, as the different ſtrengths of light and tints 


| The uſe of the burniſher is, to ſoften or rub down the 

extreme light parts after the ſcraper is done with, ſuch as 
the tip of the noſe, forehead, linen, &c. which might other- 
ann „ 


- 
n 1 oem FLY 1 a - 


" Another method led by 8 [crapers, i is, to "Oy 
the outlines of the original, as alſo the folds in drapery, 
marking the breadth of the ſhadows by dots which having 
bit to a proper depth with aqua-fortis; then take off the 
ground-uſed in etching, and having laid the gs 

| ground, proceed to ſeripe the piftures above. 2 

SY * 

"om or five days before you think the plate vill be ready 
for proving, wet ſome French paper, as no other will do 
ſo well for this work, and that time is neceſſary for it to lie 
wet. Then when the proof is dry, touch it with white 
chalk where it ſhould be lighter; and with black chalk 

© where it ſhould be darker; and when the print is retouched, 

proceed as before for the lights, and for the ſhades, uſe a 
ſmall grounding-tool, as much as you judge neceſſary to 
bring it to proper colour: and when you have done as much 
as you think e ient, prove it again, and fo proceed to 
prove and touch, Hill it is entirely "x" | * 2 
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Avoid as much as poſſible over ſeraping any part before 
the firſt proving, as by this cautiom the work will appear 
more elegant. - * | 

Fog eee 

The Method 77 Etching Caper Han with eee. 
ö Nn 1100 

TAKE a copper plate prepared as before directed for 
* and engraving; lay the etching ground upon it, 
and etch the outlines of your deſign; take the ground off 
and clean the plate perfectly well; then ſprinkle 2 
nh in fine powder very thin and even over the plate, and 
Ann the plate ſo as juſt to faſten the gum ſandarach; but 
t caution muſt be here obſerved not to melt the gump if 
Jou do the ſpirits of nitre will have tio effect, and it will rer 
quire to be done over again. Afterhas cold dip a fmall 
bruſh pencil in ſpirits of nitre and go over every part you in- 
tend to ſhadow for the firſt time; repeat the ſame operation” 
until you have brought it to your ſatisfaction. Tf your 
ſpirits be tod Mong you may mix it lems: a ena ana. 


. P.- finiſhed ſome excellent prints by this 
tnethod, which are held in great eſteem WAI the ad- 
mirers of exhibitions of this kind. * 


Ar ant has been kept as bene poſſible by-thoſe wha 
þave practiſed it; and I believe this is tt bing cf thy 
ES that the re has been fe with. 
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THE elegant arts, of which painting is one of the 
moſt conſiderable, have ever been held in the higheſt eſti. 
mation by che great and illuſtrjous of all ages, not ſolely for 
private "amuſement, but for their beneficial influence in 
pros. W e e and inhiring ley of 

* ' . | 7% | ; 4 

n vin pot appear r paradoxical, if we obſerve, 


they 

are evidently contrived to afford innocent ee 
ng the ipferiorſenſes ; ; In, this light they may be con- 
idered as a rational ſcience, and when cultivated to an 


3 


| Eivinent degree of, nement, ack do honour to, man- 
WT attempt 5 encourage and. improve. we bn 


reaſon for Sen that the PR of humanity are not ſo 


day to relinfyith 
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W als "I mo. hy | e 
Since painting is an art in which truth of outlines i is no leſs 
neceſſary than juſtneſs of colouring, 1 apprehend a kev 
hints relative to the former will not (even at this period) b. 
deemed ſuperfluous ur unneceflary ; ; for, ſhould theſe ele- 
ments fall into the hands of the accompliſhed artiſt, to whoſe 
judgment I ſubmit them with the higheſt diffidence, I flatter 
myſelf I ſhall meet with favour and indulgence, ſince I in- 
| tend this work principally for the uſe of thoſe who are juſt 
enter ring 


on: n 
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antering into the world of imitation. To ſuch, I bope to 
make an offering worthy their acceptance, ſhould inclina- 
tion lead them to the ſtudy of painting with crayons, by ex- 
hibiting the materials uſed, in this art, with the methods of 
P 


Ian in hapes of Wee n 
ing withcrayons,of ſuggeting ſome hints which may poſſibliy 


and of explaining its principles for the benefit of fuch 


as may prefer the ſilent amuſement of a beautiful art, to the 
deluſive enchantmens i in the 82 circles of pleaſures. 


n | 
ent fome direAiony 


7 ſhall now w engeavour to give the ſi 
jowprds the attainment Lane art. 


—_ 


'' 


The ſtudent muſt provide himſelf 3 
the thicker the better, if the grain js not too coarſe and. 
knotty, though it js almoſt impoſſible to get any entirely fres 
from knots. The knots ſhould be Jeyelled with a pen · Kniſe 
or razor, otherwiſe they will proye exceedingly trouble. 
ſome/ After this is done, the paper muſt be paſted very 
ſmooth on 2 linen cath, previouſly ſtrained on a deal frame, 
the lize according to the artiſt's pleaſure : on this the pic: 
ture i is to be executed; but it is moſt eligible not to paſte the 
paper on till the whole ſubject is firſt dead coloured. The 
method of doing this is very eaſy, by laying the paper with 
its dead colour on its face, upan a ſmooth board or table, 
when, by means of a bruſh, the backſide of the paper muſt 
be covered with paſte ; the frame, with the ſtrained. cloth, 
muſt then be laid on the paſted ſide of the paper, after which 
turn the painted ſide uppermoſt, and lay a piece of clean 
* upon en this being done, it 


may 
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may be ſtroked gently over with the hand, by which means 
all the air between the cloth and the paper will be forced 


% 


When the paſte is perſectly dry, the ſtudent may proceed 
with the painting. The advantages ariſing from paſting 
the paper in the frame, according to this' method (afterthe 
IO is begun) are very great, as the crayons will adhere 

much better than any other way, which will enable the 
ſtudent to finiſh the picture n e e of colour, 

When painters want to 8 a very 
pure, they gene make uſe of a or black gauze, 
ſtrained tight on a frame, which they lay flat on the ſubje& 
to be imitated, and with a piece of ſketching chalk, trage 
all the out-lines on the tiffany, They then lay the canvas 
to be painted on flat upon the floor, placing the tifany 
with the chalked lines upon it, and with an handkerchief 
bruſh the whole over: this preſents the exact out-lines of 
the 1 5 on the canvas, - | | 


The crayon- painter may alſo make uſe of this mother. 
when the ſubject of his j imitation is in oils, but in copying 3 
crayon picture, he muſt have recourſe 9, the loving 
method on account of the Blaſs, 


The picture being placed upon the eſel, let the qut-lines 
be drawn on the glaſs with a ſmall camel's-hair pencil 
dipped i in lake, ground thin with oils, which muſt be done 
with great exactneſs: after this is accompliſhed, take 4 
ſheet of paper of the ſame ſize, and place it on the glaſs, 
frroking over All the lines with the hand, by which means 


4 
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with pin-holes pretty cloſe to each other. The paper in- 
tended to be uſed for the painting muſt next be laid upon a 
table, and the pierced paper placed upon it; then with ſome 
fine pounded charcoal, tied up in a piece of lawn, rub over 


the perforated ſtrokes, which will give an exact out- line. 
Great care muſt be taken not bruſh this off till the whole is 
drawn over with ſketching chalk, which is a compoſition 


made of whiting and tobacco- pipe clay, rolled * 
and pointed at W 


When the ſtudent paints cm” Sk the life, it will 
be moſt prudent to make a correct drawing of the out-lines 
on another the ſize of the he is going to 
paint, which h ay trace by the 
cauſe erroneous 181 of the ſketching chalk (which are 
not to be avoided without great expertneſs) will prevent the 
crayons from adhering to the paper, owing to a certain 
grealy quality in the compoſition, 


The ſtudent will find the ſitting poſtugg, with the box 
of crayons in his lap, the moſt convenient method for him 
to paint. The part of the picture he is immediately paint. 
ing ſhould be rather below his face, for, if it is placed too 
high, the arm will be fatigued. Let the windows of the 
room where he paints be darkened at leaſt to the height of 
ſix feet from the ground, as before directed, and the ſubject 
to be painted ſhould be ſituated in ſuch a manner, that the 
light may fall with every advantage on the face; avoiding 
"og ſhadow, which ſeldom has a good effect in por- 

painting, eſpecially if the face he paints has any de- 


nt delicacy. Before he begins to paint, let him be at- 


e to his ſubject, and appropriate the ac or attitude 


the colours will adhere to the paper, which muſt be pierced 


ing method, be- 
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proper to the age ofthe ſubject: if a chill, letirbe childiſliq 


ifa young lady, expreſs more vivacity than in the majeſtic 


beauty of a middle aged woman, who alſo ſhould not he 
expreſſed with the fame gravity as a perſon far advanced in 
years. Let the embelliſhnients/of the picture, and intro. 
duction of birds, animals, &c.. be regulated OCT of 
RT 2's wy apa ut n * 


The feartres of the face ungen en with Quit, 
let the ſtudent take a crayon of pure carmine, and carefully 
draw the noſtril and edge of the noſe, next 'the ſhadow, 
then with the fainteſt carmine tint lay in the ſtrongeſt light 
upon the noſe and foxchead, which muſt be executed broad. 
He is then to p gradually with the peond tint, and 


the ſucceeding ones, till he arrives at the ſhadows, which 


muſt be covered brilliant, enriched with" much lake; cars 
mine a little broken, with brilliant-green. This method; 
will, at firſt; offenſively ſtrike the eye, from its crude ap- 
pearance, but, in finiſhing; it will be a good foundation to 
produce a pleaſing effect, colours being much more eaſily 
fallied*wher: too bright, than' wen the fitſt colouring is 
dull, to raiſe the picture into a bllliant ſtate. The ſoveral 
pearly tints, diſcernable in fine complexions, muſt be imis 
tated 'with blue vertiter* and white; which anſwers to the 


ultramarine tints uſed in eils. But if the parts of the face 


where theſe tints appear ate in ſſiadow, the crayons 


compoſed' of black and whitt'muſt be ſubaltuted in melr 


Foe 


- Phougtalt tefieb Aer tp cothtee loud 
brilliant as poſſible; toms part' Mood be kepe 
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proper tone, by which means the rotundity of the face will 
be pas her 


1 the ſludent 2 . 
paris them with a crayon inclined to the carmine tint, of 
whatever colour the iris are of; he muſt lay them in bril- 
liant, at firſt, not loaded with colour, but executed lightly: 
no notice is to be taken of the pupil yet. The ſtudent muſt 
let the light of the eye incline very much to the blue caſt, 

cautiouſly ayoiding a ſtaring, white appearance, (which, when 

once introduced, is ſeldom overcome) pteſerving a broad 

ſhadow thrown: on its upper part, by the eye-laſh: A black 

and heavy tint: is alſo to be avoided in the eye-brows; it is 
therefore, beſt to execute them like a broad glowing ſhadow 

at firſt, on which, in the finiſhing, the hairs of the brows are 

to be painted, by which method of proceeding, the former 

| tints will ſhe w. thernſelves through, and produce the moſt _ 
pleaſing elfe. 


1 The ſtudent Rould begin the lips with pure carmine _ 
| lake, and in the ſhadow uſe ſome carmine and black ; the 
| ſtrong vermilion tints ſhould be laid on afterwards, He 
F muſt beware of executing them with {tiff, harſh lines, gently | 
E intermixing each will the neighbouring colours, making 
I the ſhadow beneath broad, and enriched with brilliant 
1 crayons. He muſt form the corner of the mouth with car- 
| mine, brown oker, and greens, variouſly intermixed. If the 
4 hair is dark, he ſhould preſerve much of the lake and deep , 
carmine tints therein; this may be eaſily overpowered by 
| the warmer hair tints, which, as obſerved in painting the 
1 eyebrows,” will produce a richer effect when the picture is 
I finiſhed; on the contrary, if this method is unknown or 
F negleCted, a poverty of colouring will be diſcernable. | 
1 After 
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After the ſtudent has covered over, or as artiſts term it, has 
dead-coloured the head, he is to ſweeten the whole together 
by rubbing it over with his finger, beginning at the ſtrongeſt 
| light upon the forchead, paſſing his finger very lightly, and 

uniting it with the next tint, which he muſt continue till the 
whole is ſweetened together, often wiping his finger on a 
towel to prevent the colours being ſullied. He muſt be 
cautious not to ſmooth or ſweeten his picture too often, be- 
cauſe it will give riſe to a thin and ſcanty effect, and have 
more the appearance of a drawing than a ſolid painting, as 
nothing but a body of rich” colours can conſtitute a rich 
effect. To avoid this (as the ſtudent finds it neceſſary to 
ſweeten with the finger) he tnuſt continually repleniſh the 
picture: with more crayon.” 8 


When the head i brought to ſome degree of forwardneſs 
let the back-ground be laid in, which mult be treated in a 
different manner, covering it as thin as poſſible, and rubbing 
it into the paper with a leather-ſtump. Near the face the 
paper ſhould be almoſt free from colour, for this will do 
great ſervice to the head, and by i its thinneſs, give both a ſoft 
and ſolid appearance. In the e background alſo, crayons 
which have whiting i in their comp ſon ſhoyld be uſed, but 
ſeldom or never without caution 4 but chiefly ſuch as are the 
moſt brilliant and the lealt adulterated. The ground being 
Painted thin next the hair, wilt give the ſtudent an opportu- 
nity of painting the edges of the hair over in geg an 
manner when 8 the Anilbing ache, 
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out of * that is, what parts are too light, and what 
too dark, being particularly attentive to the white or chalky 
appearances, which muſt be ſubdued with lake and carmine. 
The above method being properly put into execution will 
produce the appearance of a painting principally compoſed 
of three colours, viz. carmine, black, and white, which is the 


beſt preparation a painter can make for the producinga fine 


crayon piQure. 


© The next ſtep, is to ee the back - ground and the 
hair; as the duſt, in painting theſe, will fall on the face, and 


would much injure it, if that was compleated firſt. From 
thence proceed to the forehead, finiſhing downward till the 
whole picture is compleated. 


Back grounds may be of various colours; but it requires 


great taſte and judgment to ſuit them properly to different 


complexions: in general a ſtrong coloured head ſhould have 
a weak and tender tinted ground, and on the contrary a 
delicate complexion ſhould be oppoſed with ſtrong and 
tints, by which proper contraſt between the 
figure and the back-ground, the picture will receive great 
force, and ſtrike the ſpectator much more than it could 
poſlibly do was this circumſtance of contraſt not attended 
$0. | | 
SIE” * * | 
_ Young painters often treat the back-ground of pictures 
as a matter of very little or no conſequence, when it is 
moſt certain great part of the beauty and brilliancy of the 
picture, eſpecially the face, depends upon the tints being 
well ſuited, the darks kept in their proper places, and the 


whole being perfectly in ſubordination to the face. Thus 


a ſimple back ground requires attention, but the difficulty 
12 is 
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| is ſtill greater when a variety of objects are introduced, ſuch 
as hills, trees, buildings, &c. in theſe caſes one rule muſt 
be ſtrictly attended to, that each grand object be diſpoſed ſo 
as to contraſt each other; this is not meant merely re- 
ſpecting their forms, but their cclour, their light, ſhade, 
&c. For inſtance, we will ſuppoſe the figure receiving 
the ſtrongeſt light; behind the figure, and very near at 
hand, are the ſtems of ſome large trees, theſe muſt have 
ſhade thrown over them, either from a driving cloud, or 
ſome other interpoſing circumſtance; behind theſe ſtems of 
trees, and at n a riſing ground, 
theſe ſhould receive the light as a contraſt to the. former, 
&c. If an architectural back-ground be choſen, the ſame 
rule muſt be applied; ſuppoſe à building at a moderate 
diſtance is placed behind the figure receiving the light, a 
column, or ſome other object i in ſhadow ſhould intervene, 
to preſerve proper decorum in the piece, or what will have 
| the ſame effect, a ſhadow muſt be thrown over the lower 
part of the building, which will give equal ſatisfaction or 
repoſe to the eye. It muſt be remembered, the light mult 
be always placed againſt the dark, and the weak againſt 
the ſtrong, in order to produce force and effect, and vice 
verſa. 
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In painting over the forehead the laſt time, wa the 
higheſt light with the moſt faint vermilion tint, in the 
fame place where the faint carmine was firſt lajd, keeping it 
broad in the ſame manner. In the next ſhade ſucceedin 

the lighteſt, the ſtudent muſt work in ſome light! blue tints, 
compoled of verditer and white, intermixing with them 
ſome of the deeper vermilion tints, ſweetening them to- 
gether with great .caution (this direction is for the fineſt 
eden but the ſtudent _ yary his colouring a0. 
cording 
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evrding to his ſubjeR) inſenſibly melting them into another 


increaſing the proportion of each colour as his judgment 
ſhall direct. Some brilliant yellows may alſo be uſed, but 
ſparingly ; and towards the roots of the hair, ſtrong verditer 


tints, intermixed with greens, will be of ſingular ſervice. 


Cooling crayons, compoſed of black and white, ſhould 
ſucceed theſe, and melt into the hair, Beneath the eyes, 
the pleaſing, pearly tints are to be preſerved, compoſed of 


verditer and white, and under the noſe, and on the temples, 


the fame may be uſed ; beneath the lips, tints of this kind 
alſo are proper, mixing them with the light n 


The introduRtion 6 blues into the face, in 
painting, has often given ſurpriſe to thoſe who are unac- 
quairited with the art, but there is reaſon ſufficient tor their 
introduction (though it may appear ſtrange at axſt) in order 
to break and correct the other colours. | 


The carmine predominating in the dead colour, is, as has 
been obſerved, the beſt preparation for t he ſucceeding tints; the 


crudeneſs of this preparation muſt be corrected by variouſly 


intermixing greens, blues, and yellows, which of theſeare to 
be uſed is to be determined by the degree of carmine j in the 
dead colour, and the complexion intended. The blue and 
yellow are of a nature diametrically oppoſite, and ſetve to 
correct the reds, and oppoſe one another; the greens being 
compounded of both theſe colours, are of peculiar uſe in 
many caſes where the tranſition is not to be ſo violent. 


The ſtudent attentively conſidering nature, will diſcover a 
pleaſing variety of colours on the ſurface, and diſcernable 
through a clear and tranſparent ſkin; this variety will be 
11 . ſtill | 
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ſti increaſed by the effect of light and ſhade; he will p per? 
ceiye one part inclining to the vermillion red, another to 
the carmine or lake, one to the blue, this to the green, 
and that to, the yelow, &c, In order to produce theſe dif- 
ferent effects he will apply thoſe colours to which the tints 
are moſt inclined; yet in crayon painting it is often beſt to 
e the mixed colours upon the picture, ſuch as blue 

and yellow inſtead of green; blue and carmine inſtead of 
purple; red and yellow inſtead of orange; in other circum- 
ſtances the compounds already mixed ſhould be uſed: but 
in this caſe there can be no abſolute rule given, it muſt be 
left to the experience and diſcretion of the painter, though 


| the ſtudent may be greatly. aſſiſted. in the commencement of 


his ſtudies, by an able maſter to direct and point out thebeſt 
method to treat circumſtances of this nature, as they. occur 
in practice,) which may at firſt appear obſcure and myſterjous, 
but will ſoon, to e drags demonſtrably 
clear upon certain and ſure principles: the circumſtances 
that require, different treatment are ſo various and ſo many, 
as to render it impoſſible for me here to deſcend to eyery 
particular, 

a p u 641397959 5 111916 
In finiſhing the. checks, let the. pure Jake — them 
from. any duſt contratted from. the other crayons; then 
with the lake may be intermixed the bright vermillion; 
and laſt of all, R the ſubje ſhould require it) a few 


jouches of the orange coloured crayon, hut with extreme 


caution; after this, ſweeten that part with the finger as 
little as poſſible, for fear of producing a heavy, diſagreeable 
tffect on the checks: as the beauty of a crayon picture con- 
ſits in one colour, ſhewing itſelf through, ar. rather be- 
rycen another; this the ſtudent cannot too often remark, 
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The eye is the moſt difficult feature t to execute in crayons 

as every part! muſt de expreſſed wich the utmoſt nicety, to 
finiſhed; at the ſame time the painter muſt preſerve 

its breadth and 2 while he is e the parts. 
ent to uſe his _ in ſweetening a as much, and his 
finger as little as poſſible. When he wants a point to touch 
a ſmall part with, he may break off a little of his crayon 
againſt the box, which will produce a corner fit to work 
With in the minuteſt parts. If the eye-laſhes are dark he 
nut uſe ſome of the carmine and brown oker, and the 
crayon of carmine and black; and with theſe he may alſo 
touch the iris of the eye, (if brown or hazel) making a broad 
ſhadow,' cauſed by the eye-laſh. Red tints of vermilion, car- 
mine, and lake, will execute the corners of the eye properly, 
but if the eye-lids ate tob red, they will have a diſagreeable 
ſore appearance. The pupil of the eye muſt be made of 
pure lamp-black ; between this and the lower part of the 
iris, the light will catetf very ſtrong, but it muſt not be made 
too ſudden; but be gently diffuſed round the pupil till it is 

loſt in ſhade. When the eye-balls are ſufficiently prepared, 
the ſhining fpeck "mult be made with a pure white crayon, | 
which ſhould be firſt' broken to a point, and then laid on 
ene! but as it is poſſible they may be defect in neatneſs, 
they ſhould be corrected with a pin, taking off the redundant 


parts, by which means they may be formed as neat as can be 
jo ee n down e bead ac! l Mean we 


e with rched to le e 
1 determines; amd at the ſame time ſo 2 
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blended into the cheek, as to expreſs ĩts projection, and yet 


no real line to be perceptible upon a cloſe examination; in 
ſome circumſtances it ſhould be quite blended with the 
cheek, which appears behind it, and determined entirely 
with a flight touch of red chalk. The ſhadow cauſed by the 
noſe is generally the darkeſt in the whole face, partaking of 
no reflection from its ſurrounding parts. Carmine and brown 
'oker, carmine and black, and ſuch brilliant crayons, will 
compole it 1 


The ſtudent Teh: before prepareg the lips with the 
ſtrongeſt lake and carmine, &c. muſt, with theſe colours, 
make them compleatly correct, and, when finiſhing, intro- 
duce the ſtrong vermilions, but with great caution, as they 
are extremely predominant : this, if properly touched, will 
give the lips an appearance equal, if not ſuperior, to thoſe 
executed in oils, notwithſtanding the ſeeming ſuperiority the 
latter has, by means of . of phick the rl is en- 
trely deſtitute. | ; | 


* 1} 
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When dhe ſtudent paints the neck, he ſhould avoid ex- 


preſſing the muſcles too ſtrong in the ſtem, nor ſhould the 
bones appear too evident on the cheſt, as both have an un- 
pleaſing effect, denoting a violent agitation of the body, a cir- 
cumſtance ſeldom neceſſary to expreſs in portrait painting. 
The moſt neceſſary part to be expreſſed, and which ſhould 
ever be obſerved (even in the moſt delicate ſubjects), is a 
ſtrong marking juſt above the the place where the collar 
bones unite, and if the head is much,thrown over the 
ſhoulders, ſome notice ſhould be taken of the large muſcle 
that riſes from behind the ear, and is inſerted into the pit 


between the collar bones. All inferior muſcles ſhould be, in 


general, 
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general, quite avoided. The ſtudent will find this caution 
neceſſary, as moſt ſubjects, eſpecially thin perſons, have the 
muſcles of the neck much more evident than would be ju- 
dicious to imitate. As few necks are too long, it may be ne- 
ceſlary ta give ſome addition to the ſtem, a fault on the other 
ſide being quite unpardonable, nothing being more un- 
graceful than a ſhort neck. In colouring the neck, let him 
preſerve the ſtem of a pearly hue, and the light not ſo ſtrong 
as on the cheſt, If any part of the breaſt appears, its tranſ- 
parency muſt alſo be expreſſed by pearly tints, but the up- 
per part of the cheſt ſhould be coloured with beautiful ver- 
milions delicately blended with the other, 


Of Drapery. 


PAINTING the drapery is commonly thought to be a 
very inferior branch of the art: this is, moſt certainly, a 
miſtake. A very great painter being aſked what part of 
the picture he thought moſt difficult to execute, anſwered, 
the drapery. Whether we allow this to be abſolutely true 
or not, we may venture to affirm, that it is à very difficult 
part to execute with taſte ; merely to give the effect of ſilk, 
 fatin, or cloth, &c. is not the point; this, the ſervile copyiſt, 
by the mere dint of labour, may effect, and may even de- 
ceive the vulgar eye, ſo that the imitation may be taken for 
reality; but to make the folds give grace and dignity to the 
figure, to cloath it uninfluenced by prejudice, faſhion, 
or caprice, ſo as to bear the teſt of ages, requires the _ 
fulleſt exertion of true genius, and the ſtudy of a man's 
life; therefore, a full deſcription here would be too ptblix, 
ſo I. ſhall leave the ſtudent to perfect it with great diligence 


and care. DONS 
; | 4 3 6 of 


666 MISCELLANEOUS! ARTIc DES. 


. uu. 


THE perfeAtion ofthe pen elle in a great mea- 
ſure, in their ſoftneſs, for it is impoſſible to execute a bril- 
liant picture with them if they are otherwiſe, on which ac- 
count great eare ſhould be obſerved in the preparing them, to 
prevent their being hard. In all compoſitions, flake-white, 

and White lead ſhould be wholly rejected, becauſe the 
ſlighteſt touch with either of theſe will unavoidably turn 
black. e vt «1 | 


The uſual objection to crayon paintings is, that they 
are ſubje& to change ; but whenever this happens, it is in- 
tirely owing to an injudicious uſe of the above-mentioned 
whites, which will ſtand only in oils. To obviate the bad 
effects ariſing from the uſe of ſuch crayons, let the ſtudent 
make uſe of common whiting PRE in the following 
manner: 


Take a large veſſel of water, put the whiting into it, 
and mix them well together; let this ſtand about half a 
minute, then pour off the top into another veſſel, and 
throw the gritty ſediment away; let what is prepared reſt 


about a minute, and then pour it off as before, which will 1 
purify the whiting and render it free from all dirt and grit- ing 
tineſs. When this is done, let the whiting ſettle, and lay 1 


then pour the water from it; after which, lay it on the 
chalk to dry, and keep it for uſe, either for white crayons, 
or the purpoſe of preparing tints with other colours, for 
with this, all the other tints may be ſafely prepared. It 
the ſtudent chuſes to make crayons of the whiting imme- 
diately after i it is walked, it is not neceſſary to dry ĩt 2 
c , 


MISCELLANEOUS" ARTICEES: 69 


chalk, for ĩt may be mixed inftantly with any other colour, 
which will ſave conſiderable trouble. All colours of a heavy, 
or gritty nature, eſpecially blue vn mn hy pap by 
1 _— — 


eee a large, r 
kte-knife, a large ſtone and muller to levigate the colours, 
two or three large pieces of chalk to abſorb the moiſture 
from the colours after they are levigated, a piece of flat 
glaſs to prevent the moiſture from being abſorbed too much; 
till the colours are rolled into form, and the veſſels for 


R E D- * 
Grain end., 


IT is eather difficult to procure, nd, carmine or 
good lake. Good carmine is inclined to the vermilion tintz 
and ſhould be an impalpable powder, and good lake to the 
carmine tint. The carmine Nen . iu e 
flowing manner: PP ET IND n 


As their texte, isindinable to 828 inſtead of — 

ing and rolling them, take a ſufficient. quantity of carrgine, 
lay it upon a grindingeſtone, mix it with a levigating knife 
with ſpirits of wine, till it becomes ſmooth and. even; yet the 
leſs friction produced by the knife the better. The chalk-ſtone 
being ready, lay the colour. upon it to abſorb the ſpirit, but. 
be careful that jt is laid on i in a proper ſhape for painting. If 
it is levigated to othin, the crayons. will be too flat, and if 
| n en waſte of colour, by, their ad- 
K 2 hering 
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being to the pallet-knife ; ——— 
mung c 


- When thus made, If dhe carmine crayons Gituld prove 
too hard, they muſt be reduced to an impalpable powder in 


a mortar, and again mixed in the ſame manner till ſoft 


enough for uſe, which will not be if the carmine erden 
by the muller with any tld, 4 


| The ſimple colour — a, the next When: is to 
e the different tints by a mixture with whiting ; the 
proportion to be obſerved conſiſting of twenty gradations to 
one, which may be clearly underſtood by the following di- 
rections: take ſome of the ſimple colour, and levigate it 
with ſpirits af wine, adding about one part of waſhed 
whiting to three parts of carmine, of which, when properly 
incorporated, make' two parcels. The next gradation 
ſhould be compoſed, of equal quantities of carmine and 
whiting, of which four crayons may be made. The third 
compoſition ſhould have one fourth carmine, and three 
fourths whiting, of this make' fix crayons, which will be a 
good proportion with the reſt. The laſt tint ſhould be made 
of whiting, very faintly tinged with carmine, of which 
make about eight crayons, which will compleat the above- 
mentioned proportion. As theſe compound tints are levi- 
gated, they are to be laid immediately upon the chalk that 
the moiſture may be abſorbed to the proper degree of dry- 
neſs for forming into crayons, which may be known by its 
loſing the greateſt part of its adheſive quality when taken 
ints the hand: if Went ſtency 18 found to be right, it may 
be then. laid upon'the glaſs, which having no pores, will 
prevent the moiſture from becoming too dry, before it is 


convenient to form it into crayons, otherwiſe the crayons 
would 


le 
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would be full of cracks and very brittle, which will be a 
great inconvenience when they are uſed in painting. 


N. B. Though theſe tints made with whiting may be 
rolled, yet the pure carmine will not hear it, but muſt be 
left on the chalk-ſtone till perfeQly dry, 


1s à colour very apt to be hard, to prevent n 
en muſt obſerve the — particolaes: : 


Take ahi half a quantity of lake intended for the 
crayons, and grind it very fine with fpirits of wine ; let it 
dry, and then pulverize it, which is eaſily done if the lake 
is good; then take the other half, and grind it with ſpirits, 
after which mix it with the pulverized lake, and lay it out 
directly in crayons on the chalk. The colour will not bear 
rolling. The ſimple colour being thus prepared, proceed 
with the compound crayons, as directed before, and in the 
fame degrees of gradation as the carmine tints. If theſe 
ſhould prove too hard when made, let them be __ FR 
| need ad PER he carmine. 

— "a 1 ' 

ids e. N 10 | TI 
18 Vermilion. 
THE beſt is inclined to the carmine tint. To prepare 
this colour mix it on the ſtone with ſoft water or ſpirits, 
after which ĩt may be rolled into crayqns. It is ſometimes, 
indeed, -inclined to be ſo very ſoft as to return again to pow 


ee held in the fingers, which may be re- 
medied 


„* . 
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medied by mixing it up with thin water- gruel well ſtrained, 
which will give ſufficient coheſion. The different tints 
are produced by a mixture of the ſimple colour with whi- 


n ung; OY „* 
BLUES. 
Pruſfian Blue. 


IS a colour very apt to bind, and is rendered foft with 
more difficulty than carmine and lake, The ſame method 
of preparation is to be followed with this as directed with 
reſpect to lake, only it is neceſſary to grind a larger quan- 
tity of the pure cdlour, as it is chiefly uſed for painting 
draperies. - The different tints 8 acecprling to 
dnn. r e e | 


Is a colour naturally gritty, and: therefore it is neceſſary 
to waſh it well. Its particles are ſo' coarſe as to require 
ſome binding matter to unite them, otherwiſe the crayons 
will never adhere together, To accompliſh this, take a 
quantity ſufficient to form two or three crayons, to which 
add a piece of ſifted plaſter of Paris about the fize of a pea; 
mix theſe well together, and form the crayons upon the 
_ Chalk. This blue is extremely brilliant, and will be of 
great uſe in heightening draperies,” &c. The tints muſt be 
formed with Whiting, as directed in the former inſtances, 
and are highly ſerviceable for painting fleſh, to produce 
enen It is not 
| neceſſary 
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GR ORR Puts en 
will be ſufficient, 08 


rr 


BRILLIANT greens are produced with great difficulty, 
which may be procured of thoſe who make it their buſineſs 
to prepare them, yet the following compoſitions will be 
found uſeful, 


Theſe brilliant crayons will be neceſſary for the ſtudent 
to compleat his ſet with, of which he will find great want 
both in the browns and deep reds, as well as in the greens; 
but in general he ſhould be careful what white or light 
crayons he uſes, that they are not compounded by the maker 
with flake-white, a trial may be made of one of them thus: 
bruiſe the crayon to a powder between the finger and 
thumb, and mix it with an equal quantity of charcoal-duſt, 
put this into a crucible, which muſt be placed in a fierce 
fire, till the charcoal-duſt is conſumed, and if the crayon be 
made with flake-white, the lead will return to its original 
metallic ſtate, conſequently theſe light crayons are not fit 
for uſe in this climate, as the leaſt damp will make them 
turn black, yet notwithſtanding the dark colours will be 


perfectly good, and may be uſed without danger. 


| Take yellow oker, and after grinding it with ſpirits, mix 

it with the powder of Pruſſian blue, then temper it with a 
knife, and lay the crayons on the chalk, without rolling 
them: beſides this, uſe king's yellow mixed with Pruſſian 
blue, brown oker and Pruſſian blue. Roman oker and 


Pruſſian blue mixed i in __ proportions will be uſeful. - 
The 
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The crayons made of theſe laſt may be rolled. Various 
tints may be produced by theſe colours, according to fancy 
or neceſſity; ſome to * more of the blue, and others 
of tlie yellow. 


Y:.-E&iL 0-: WW: 
King's-Vellow, 22 


I'S the moſt uſeſul and moſt brilliant, levigated with 
ſpirits of wine, to compoſe the different tints as before di- 
rected. , Yellow oker and Naples yellow, ground with 
ſpirits, will make uſeful crayons. | 


Orange, 


I 8 3 bose by King's-yellow and vermilion, ground 
together with ſpirits, and the tints formed as in other caſes, 
but no great quantity of them is required. a 


NON. 
Cullens-Earth, 


I'S a fine dark brown. After ſix or eight of the ſimple 
crayons are prepared, ſeveral rich compound tints may be 
produced from it, by a mixture with carmine, in various 
degrees; black, carmine, and this colour, mixed together, 
make uſeful tints for painting hair; ſeveral gradations may 
be produced from each of theſe by a mixture with whiting 
Roman, and brown oker are excellent colours, either ſimple 
or compounded with carmine, Whiting tinged, in ſevera} 

degrees 


de 
. pa 
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degrees, with either of theſe, will prove very ſerviceable in 
| painting; common {ca-coal, you and mixed with car- 
mine, is a fine down. 3 


Umber 


MAY be treated in the ſame manner as above, only it 
is neceſſary to levigate it with ſpirits of wine. 


PURPLES. 


PRUSSIAN blue ground with ſpirits, and mixed with 
pulverized lake, will produce a good purple. Carmine 
thus mixed with Pruſſian blue, will produce a purple ſome- 
thing different from the former. Various tints may be 
made from either of theſe compounds, by a mixture with 
whiting. 


B L A C K. 


Lamp-Black 


I'S the only full black that can be uſed with ſafety, as 
all others are ſubject to mildew ; but as good lamp- black is 
very ſcarce, the ſtudent will, perhaps, find it moſt  expe- 
dient to make it himſelf, the 1 oy which is as * 
lows: 


Provide 8 tin cone, fix it over a lamp at ſuch a height, 


that the flame may juſt reach the cone for the ſoot to gather 
L within 


* 
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within it. When a ſufficient quantity is collected, take jt 
it out, and burn all the greaſe from. it in a crucible, It 
muſt then be ground with ſpirits, and laid an the chalk to 
abſorb the moiſture. Various grey tints may be formed 
from this by a mixture wit whiting, as mentioned in 
former inſtances. Black chalk ground, is a my good blue 
black. 


. black is another good compound, of which 
five or ſix gradations ſhould be made, ſome partaking more 


of the black, and others having the carmine moſt predo- - 


minant, beſides ſeveral tints by a mixture with Whiting. 


Cinabar and black is alſo a very uſeful compound, from 
W ſeveral different tints touts be made. 


Pruſſian blue and black is another good compound, and 
will be found of ſingular ſervice in painting draperies. 


It is impoſſible to lay down rules for the forming every 
tint neceſſary in compoſing a ſet of crayons, there being 
many accidental compoſitions, entirely dependent on fancy 
and opinion, The ſtudent ſhould make it a rule to ſave 
the leavings of his colours, for of theſe he mag form va- 
rious tints, which will occaſionally be uſeful, 


N, B. The Cologn- or Cullen's earth, yellow oker, 
brown oker, Roman oker, Naples yellow, umber, black 
chalk, and ſea coal duſt, are all ſubject to throw out a white 
kind of falt, which will injure the picture, if the follow- 
ing method of treating them be not ſtrictly obſerved: grind 
them extremely fine with water, and ſeparately put them 
into a large glazed veſſel, filled with boiling water. After 

the 
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40 colour has been well ſtirred, leave it to precipitate ; ; 
then pour off the water, which will take away the ſalts, 
and leave the colour excellently prepared for making crayons 
after it has been dried on the chalk-ſtone and pulverized: © 


N ralling the Chayms, and diſpofing them for Painting. 


THE different compoſitions of colours tuſt be ct intd 


a proper magnitude after they are prepared, in order to be 
rolled into paſtils for the convenience of uſing them. Each 
crayon ſhould be formed in the left hand with the ball of the 
right, firſt formed cylindrically, and then tapered at each end, 
If the compoſition is too dry, dip the finger in water; if 
too wet the compoſition muſt be laid upon the chalk again, 
to abforb more of the moiſture. The crayons ſhould be 
rolled as quick as poſſible; and when finiſhed, muſt be 
laid upon the chalk again, to abſorb all remaining moiſture. 
After the gradation of tints from one-colour are formed, 
the chalk and the grinding-ſtone ſhould be well ſcraped and 
cleanſed with water before it is uſed. ſor another colour, 


When the ſet. of crayons is compleatedaceording to the 


rules preſcribed, they ſhould be arranged in claſſes for the 


convenience of painting with them. Some thin drawers, 
divided into a number of partitions, is the moſt convenient 
method of diſpoſing them properly. The crayons ſhould 
be depoſited according to the ſeveral gradations of light. 


The bottom of the partitions muſt be covered with bran, as 


a bed for the colours, becauſe it not only preſerves them 
Clean, but prevents their breaking, | 


L 2 The 
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Pun box made uſe of when the ſtudent paints, ſhould be 
a foot ſquare, with nine partitions. In the upper 
e on the left hand, (ſuppoſing the box to be in the 
lap when he paints) let him place the black and grey crayons, 
thoſe being the moſt ſeldom uſed ; in the ſecond partition, 
the blues; in the third, the greens and browns in the firſt 
partition on the left hand of the ſecond row, the carmines, 
lakes, vermilions, and all deep reds; the yellows and 
orange in the middle, and the pearly tints next; and as 
theſe laſt are of a very delicate nature, they muſt be kept 
very clean, that the gradations of colour may be eaſily diſ- 
tinguiſhed : in the loweſt row, let the firſt partition con- 
tain a piece of fine linen rag to wipe the crayons with while 
they are uſing ; the ſecond, all the pure lake and vermilion 
tints; and the other partition may contain thoſe tints, 
which, from their complex nature, cannot be claſſed with 
any of the former. 


' Receipts for thoſe who paint in WaTER-CoLouRs. 
Two Methods to make Gum-Water. 


1. DISSOLVE .one ounce of pure white gum-arabic, 
and half an ounce of double-refined ſugar, in a quart of 
ſpring water; ſtrain it through a fine ſieve or a piece of 
muſlin, and bottle it off for uſe, keeping it free from duſt. 


2. Take ſome gum-arabic of the whiteſt ſort, bruiſe it, 
and tie it up in a piece of woollen-cloth, and ſteep it in 
ſpring water in a glaſs or earthen veſſel, till it be diſſolved. 
If it be too ſtiff, add more water; and if too thin, more 
gum. 


With 
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With this water you may temper moſt of your colours ; 
uſing ſuch a quantity,. that being touched when dry, the 
colour will not come off, If the colour mod there is 
too rind gum in it. 


To make Liquid Gold for Vellum Painting, S. 


GRIND the fineſt leaf. gold with ſtrong gum-water very 
fine, adding as you grind it more gum- water as you ſee ne- 


ceſkary.. When you have ground it as fine as you can, waſh | 
it in a large ſhell; then temper it with a little mercury- 


ſublimate, bind it in the ſhell with a little diſſolved gum, 
ſhake and ſpread it equally all over the ſhell, and uſe it with 
fair water only. . 'Thoſe who do not chuſe to make, may 


buy the ſhells ready prepared, at the colour ſhops, at a very 
low price, of 


© © © To mate Liquid Silver for the ſame Purpoſe. 
THE proceſs for this is the ſame with that of liquid 


gold, only obſerving in the uſing it to temper it with glare 
of *885 inſtead of water. 


To make the Glare of Eggs. 


TAKE the whites, and heat them with a ſpoon til they 


| riſe in a foam ; let them ſtand all night, and they will be 
ried into goo! gr AY 
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aa 5 Colours mw waſhing 1 10 pr. 


COLOURS for waſhing maps may be made by boiling 
different kinds of wood, and ſtaining ſubſtances, as logwood, 
Brazil, cochineal, N naten &c. 


) XN ure k 
* 


7. beep. the Colours from . wy 

Bott, four ounces of roach-allum in a Pint of pring 
water, till it is thoroughly diſſolved; then filter i it through 
brown Paper, and Ftp: It for uſe, * 

Beſdre you lay on your cd, take a geg and wet 
he back of your paper with this- water while it is hot, 
This will not only prevent the colours from ſinking, but 
will likewiſe give them an additional beauty and luſtre, and 
preſerve them from fading. If your paper js not good, it 
muſt be waſhed three or four times with this Wake, drying 
it every time. ir 


1. 


To. make Size for painting Scenes, and ther: Candle-Eight 


Pieces, 


STEEP a quarter of a pound of the cuttings of white 
glove-leather in water for ſome time: then take them out, 
and. boil them in three quarts of water, till it waſtes to a 
pint, and ſtrain it through a cloth into an earthen pan. 
When the ſize is cold, if it feel firm untler your hand, it is 
ſtrong enough. You may prepare any colours in this ſize 
while it is warm, and it will take of the glare which would 

appear 


(o 
pi 
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appear upon them by candle-light, if mixed with gum- 


water. 


How to male a Compoſition to waſh Braſs fo as to look 
like Silver. 


TAKE ſilver, or gold-lace, half an ounce, add thereto | 
one ounce of double refined aquafortis, put them in an 


earthen pot, and place them over a gentle fire till all be 


diſſolved, which will happen in about five minutes; then 


taſte it off, and mix it in a pint of clear water, after which, 

pour it into another clean veſſel to free it from grit or ſedi- 
ment; and then add a ſpoonful of ſalt, and the green water 
will immediately let go the filyer particles, which will form 
themſelves into a white curd ; then pour off the water, and 
throw it away, for it is of no further uſe. The white curd 
muſt then be mixed with two ounces of ſalt of tartar, half 
an ounce of whiting, and a large ſpoonful of ſalt, more or 
leſs, according as you find it for ſtrength. Mix it well up 
together, and it is ready for uſe. 


2 to Siler Braſs, &c. 


HAVING well cleared the braſs from all ſcratches 
(otherwiſe it will ſpoil its appearance) rub it over with a 
piece of old hat and rotten-ſtone, to clear it from all greaſi- 
neſs, then rub it with ſalt and water with your hand; then 
take a little of the before-· mentioned compoſition on your 


finger, and rub it over where the ſalt has touched, and it 


will adhere to the braſs, und appear as well as ſilver; after 
which, waſh and ſteep it in plenty of clear water, to kill 
| the 


AT 


J 


* and one part of ann. well together; put 
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tte aquafortis which remained in the compoſition; and, 


when dried with a clean hot rags it is then ready to be 


| RI 


To Et white Varniſh for Braſs. 8 


TAKE ſpirits of wine (highly reQified) one pint, which, 
divide into four parts; then mix one part with half an 


© ounce of gum maſtic, in a phial by itſelf, one part ſpirits, 


and half an ounce of gum ſandarach in another phial, one part 
ſpirits, and half an ounce of the whiteſt parts of gum benja- 
min ; then mix and'temper them to your mind. No rule 
can further inſtruct you, unleſs the quality of. the gums and 
ſpirits could be aſcertained. It would not be amiſs to add 


a very little bit of white roſin, or clear Venice turpentine, 


in the maſtic bottle, it will aſſiſt in giving à gloſs: if your 


' varniſh ſhould prove ſtrong and thick, add clear ſpirits, if 
too hard, pour from the maſtic bottle, if too ſoft, a little 


from the ſandarach, or benjamin. When you have brought 
it to a proper temper and ready for uſe, warm the ſilvered 
(if a clock face, not too hot as to melt the wax) before the 
fire, or upon a hot heater, and with a flat camels-hair 
bruſh, or clean linen rag lapped up, and dipped in the 
varniſh, ſtroke it quickly over, until no white thades 


appear, and it will preſerve the ſilver on many years. 


To male Puluis Fulminans, or Thunder Pawders 
MIX three parts of falt pere, twp peu f Gif of Tar- 


the 
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the compoſition into a bottle and cork it well to prevent the 
| air from ſpoiling it, e eee | 


Shen vor whe in take as much as will lay upon a ſhil- 
ling and/putting it upon a fire ſhovel over a gentle fire, it 
will preſently begin to ferment, and will make a horrible 
exploſion like that of a gun. This experiment generally 
produces much diverſion, eſpecially when ignorant perfons 
are employed to hold the ſhovel. I never knew an inſtance 
of its doing any harm, when no more than the above. 


ee eee 


43 . v chaſe Anm , Aquafortis, 


pr your mercury in a ſtrong glaſs bottle, with a little 
clean ſand, and ſhake it well for ſome time, aſter which 


; of double refined aquafortis, as you have pounds of me- 
rcury; let the e e EIT is then 
5 amd | 


: 
m ; : 4 


a * Mercury if mixed with other Metals. 


| | MAK E an irop- ball A, as repreſented Plate IV. 


Fig. 1. that is hollow, and will ſcrew in two halves in the 


middle ; to one half muſt be fixed a pipe B. bended for the 


convenience. of going into a veſſel of water, then put your 
metal in, and ſcrew it up, and place it on the fire, and the 
mercury will evaporate from the ball along the pipe into the 
rellel of water C, and leave all the dregs behind. 

* 
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pour jt into a baſon, and add thereto as many half ounces 
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. 
1. BEING well provided with tubes, with bottles at 


the end of them, provide ſome good ſpirits" of wine, with 
alkanate root, and put it in the baſon, Fig, 2; then take 


the inſtrument, Fig. 3, which is a large iron tube, heat it 


red hot, and with a pair of tongs lay hold of jt at A, and 
immerſe the ball A, and tube, Fig 2, into it While hot, 
and it will drive the air out of the ball; then immediately 
immerſe it into the baſon, and the ſpirits will aſcend” into 
the ball and fill it. If it ſhould not be quite full the firſt 
operation ; it may bedone a ſecond or third time, 


. * ' 


ne fil re beer 


"FAKE a tube, Fig. 4. nad los 5 
top of it, and pour mercury into ity until it covers the top 
B; then heat it gs before, with the metcuryin it, and the 
air will aſcend, and, as it were, ſeem to boil through the 
mercury; when obſerve as ſoon as it has done boiling, take 
it out of the inſtrument, Fig. 3, and the mercury will de- 
ſcend into the ball, untikit be quite full ; after which ſet it 
to cool, to ſuch a degree of denſity, that the mercury will 
not ſettle into the ball in extreme froſt; then, by heating it 
a little, you may throw out as much ſuperfluous mercury as 
you find ſufficient; afterwards hermetically ſeal it with your 
PING and gert and it is oy RPO. i to ods, 


e ale i wen een) ie wy and the . 


markable periods of heat are as follows: 2 2 water boils, 


F75 ſpirits of wine boils, 112 erer heat, 98 blood heat, 
Ae 76 
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76 ſummer heat, 55 temperate, 32 water freezes, 27 
vinegar frezees, 20 ſtrong wines freezes, o the degree of 
cold produced by mixing ſnow and ſalt, (ſee ſcale Fig. 5) 
When you have filled your ball and tube to your ſatisfaction, 
before you. hermetically ſeal the end, put the ball into 
boiling water and obſerve how high it riſes ; which part 
you muſt mark with a file, to a very great exactneſs; then 
let it ſettle to froſt, or (if froſt cannot be obtained) to the 
greateſt degree of cold you can, according to another good 
thermometer; which point alſo mark exactly; after which 
divide the intermediate points, and continue them down- 
wards as in the ſcale, according to their reſpective places, 
then heat the mercury in the ball, until it has forced all the 
- airout of the tube, at which time inſtantly ſeab it by a blur 
pipe and lamp. In order to facilitate the proceſs of ſealing 
the tube, it will be neceſfary to obſerve, that the end of 
the tube ſhould be drawn out as ſmall as a hair, by means 
of a blow-pipe and lamp; when the mercury is forced by 
heat up to that ſmall part, applying the flame of a candle 
to the end at that time, will ſeal it without the help of a 


blow-pipe. 
Thoſe 17 * deſire a more accurate deſcription of the 
different ſcales, may be well inſtructed in Martine's treatiſe 


on the ſcales of thermometers ; it would be quite too c0- 
pious to be inſerted here, | 


MELT fine ſilver two parts, braſs one part; don't 
keep them long in fuliop, leſt the braſs fly away in fumes. 


* 


M 2 | Another 
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| MELT four parts of fine ſilver, and three of braſs, throw 
in a little borax, and pour it out as ſoon as it is melted. 


A Solder for Goll. 


MELT eopper one part, fine ſilver one part, and gold 
two parts; add a little borax when it is juſt melted, then 
pour it out immediately. 


23. Method of Soldering Gold or Sikver, 


AFTER the ſolder is caſt into an ingot, it would be 
more ready for uſe if you were to draw it into ſmall wire, 
or flat it between two rollers; after that cut it into little bits, 
then join your work together with fine ſoft iron wire, and 
with a camel's-hair pencil dipt in borax, finely powdered, 
and well moiſtened with water, touch the joint intended to 
be ſoldered; placing a little ſolder upon the joint, apply it 
upon a large piece of charcoal, and with a blow pipe and 
lamp, blow upon it through the flame until it melts the 
ſolder, and it is done. 


/ 


Ts . after it is Soldered. 


MAKE it juſt red hot, and let it cool, then boij 


it in allum water, in an earthen veſſel, and it will be as 
clean 
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clean as when new. If gold, boil it in wins, and fal- 
armoniac. 


A Seldrr for Lead. 


TWO parts lead and one part tin, its goodneſs is tried 
by melting it, and pouring the bigneſs of a crown piece 


upon the table; for if it be good, there will ariſe little bright 


ſtars in it. Apply roſin when you uſe this ſolder, 


A Solder for Tin. 
TAKE four parts pewter, one of tin, and one of biſ- 


mouth, melt them together, and run them into narrow thin 
W e Is ns 


1 Saller for Iron, 


NOTHING here is neceſſary but good tough braſs, 


with borax applied, mixed with water, t9'the couliſience | 


of paſte. Ge / 


A Cement uſefel for Turners. 


TAKE roſin one pound, pitch four ounces, melt theſe 


together, and while boiling hot, add brick-duſt, until by 
dropping a little upon a ſtone you perceive it hard enough; 
then pour it into water, and immediately make it up in rolls, 
and it is fit for uſe. 

Another 
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Another finer than the laft. 


TAKE roſin one ounce, pitch two ounces, add red 
oker, finely powdered, until * perceive it ſtrong enough, 
and It is done. | 


Fither of thefe cements are of excellent uſe to turners, by 
applying to the ſide of a chock, and making it warm before 
the fire, you may faſten any thin piece of wood, which will 
hold while you have turned it, by the cement: when you 
want it off again, ſtrike it on the top with your tool, and 
it will drop off immediately. 


4 Cement for broter Pots, Glaſſes, r. 


. TAKE quick lime, glare of eggs, and old thick varniſh; 
grind and temper ONES well e and it is ready for 


0 


f 


A firong Cement for Electrical Purpoſes. 


MELT one pound of roſin in a pot or pan, over a flow 
fire, add thereto, as much plaſter of Paris, in fine powder, 
as will make it hard enough, which you may ſoon know by 
trial; then add a ſpoonful of linſeed oil, ſtirring it all the 
time, and try if it be hard and tough enough for your pur- 
poſe, if it is not ſufficiently hard, add more plaſter of Paris, 
and if not tough enongh, a little more linſeed oil, 


N. B. 


more 


de 
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N. B. I believe this to be as good a cement as is poſſible 
to be made for fixing the necks of globes, or any thing 


which is Wanted ſtrongly fixed, for-it is not very eaſy to 
melt again when cold. 


#4 * 


boils e emu. 


TAKE rofin, one pound, bees-wax one ounce, add 
thereto as much red oker as will make it of a ſufficient ſtiff 


nels, pour it iuto water, and make it into rolls, and it is fit 
for uſe. This cement is uſeful in cementing braſs hoops 
on glaſſes, or any other mounting of electrical apparatus. 


A > a IF " 4 d g denk 1 8 . _ * e 
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Do- 
1.24.2 


TAKE pitch and boil it, add thereto, 2 1. ning it 
all the while, fine ſifted wood aſhes, until you have it of a 
proper temper ; . may be added 
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TAKE fix parts roſin, and one of bees-wax, melt them 
together, and if too ſoft, 8 if too hard, add 


more bees-wax, &c, 
? * _ * * 182 © me * : ny 4, F 4 
4 \ * 18 dof 8 
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* 


A Cement or Glue, that will hold very ftrangly, either againſt 
| Heat or Meifture. 


MIX and boil linſeed oil and quick lime together, till 
they become very thick, then pour them out, and make them 
into rolls or cakes, R applied 
to many purpoſes. 


e Boards, 0 Thing tat my ft 
d Nu. ; 


MELT common 8 to 8 proper 1 
ence; then add linſeed oil, with a little red lead, more or 


leſs, as you ſee occaſion, and 8 the purpoſe 
1 a po 


Ten 3 vuberruntb you may caf curious Medals. 


boil it together with water, and ſpread it over any medal, 
and when dry, it will appear perſect. It muſt be of a tolc- 
rable thick conſiſtence, much like common glue, 


To flain Wed Red. 
TAKE archal one pound, add 1-4th oil of vitriol, and 


it is ready for aſe; to make it ſtrike deeper, — 
dil of vitriol. | 


To 
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4 


7 dia Ble. 


DlfssOLvx indigo, well bruiſed, one ounce, in a pound 


of oil of vitriol, ſet it near the fire for two or three days, 


keep ſtirring it about with a ſtick, then let it down to what 
ſtrength you pleaſe with water. 


Yellow. | 


GAMBOGE or turmeric diſſolved in oil of vitriol. 


A black Stain for Mood. 


| HEAT a feel bar * Cha et afihs fro. ant 
ſmear it over with brimſtone, which will diſſolve a part of 
the ſurface z ſcrape it off, and repeat this operation till all 
the ſteel is quite diſſolved (or at leaſt as much as you intend 
io uſe) then beat it to a fine powder, and incorporate it with 
very ſtrong alegar or vinegar; add thereto blue nut galls, 
and a little copperas and allum; but before you lay the 
ſtain on, t will be proper cos it aver with bollag bet 
logwood water, 


.* To flain Green. 


— 
- 


DISSOLVE gamboge in water; add of the blue flain 


e occaſion, N. B. All the wood muſt be very 


N Blue 
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Blue Ink. 'P < 


A ul af the blue fainivempered wich mats with the 
addition of al gum ane. 123 
melee goed conmon Ink: 


IN four parts of water or beer let a pound of bruiſed 
galls be infuſed twenty-four hours without boiling ; to this 
add ſix ounces of gum arabic; and when the gum is diſ- 
ſolved, ſix ounces of green vitriol, which will ſoon give it 


. 


the black colour; the liquor is then to be ſtrained through 1 

2 hair ſieve. | 
Inks of all colours may be made by uſing a ſtrong de- 
coction of the ingredients uſed for dying, mixed with a little 
allum and gum arabic. For example, a ſtrong decoction of 

brazil wood, with as much allum as it can diſſolve, and a * 


little gum arabic to give it dody and ſome conſiſtence, forms 
a beautiful red ink; other ingredients may by added, vi VIZ, 
ſpirits to keep' it from freezing, NE: 88580 


, "0 


a A Compoſition far Ornaments. 


TAKE pounded chalk, what quantity you pleaſe, add 
thereto as much thin glue as will make it into paſte, which 
mix well together; then put it into moulds, being a little 

oiled, and preſs it well in, after which, take it out, and it 

| will grow as hard as ſtone. N. B. You muſt make no 
more of the compoſition than you want for preſent uſe, 
for 


22 F FTE 
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or if it be left till it grows hard, it cannot be worket | 


Et 
To prove uy Ine, whether they are fit for Varniſh. 


TAKE ſome in a 2 ſpoon, and put a little cunpowder i in uit 
after which ſet it on fire with a candle or lighted paper ; 3 


| and if it fire the gunpowder when it has burnt itſelf dry, it 
may be depended'on as good ; if not, it is not fit for varniſh | 


at all, The leſs of watery parts are in the varniſh, the 
ſooner it dries, and is fit for poliſhing ; it alſo i more per: 
manent, and will come to a better gloſs. 


To make Seed-lac Varniſs. 5 
TAKE ſpirits of wine, one quart; put it in a wide 
mouthed bottle, and add thereto eight ounces of ſeed- lac, 


which is large grained, bright, and clear, free from dirt 


and ſticks; let it ſtand two days or longer in a warm place, 
often ſhaking it. Strain it through a flannel into another 
you and it 0 for uſe. 8 


4 


To 4 e Pare 


4 


TAKE good ſpirits of wine one quart, eight ounces G 


the thinneſt and moſt tranſparent ſhell-lac, which, if melted 


in the flarge oſ a candle, will draw out in the longeſt and 
fineſt hair; mix and ſhake theſe together, and let them 
ſtand in a warm place tor two days, and it is ready for uſe. 
This varniſh is ſofter than that which is made of. ſeed- lac, 
694) 0A therefore 
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therefore is not ſo uſeſul ; but may de mixed * i for 
varniſhing n 


— 


TAKE eight ounces of ſpirits of wine, and one ounce 
of arnotto, well bruiſed, mix this in a bottle by itſelf; then 
take one ounce of gamboge, and mix it in like manner to 
the ſame quantity of ſpirits: alſo bruiſed faffron, ſteeped i in 
ſpirits to nearly the ſame proportion; after this take ſeed- 
lac varniſh, what quantity you pleaſe, and ye ou | may brighten 
it to your mind by the above mixture: if, 3 it be too — — 
add a little more from the arnotto bottle; and if it be too 
red, add a little more from the gamboge or ſaffron bottle; 
if too ſtrong, add a little ſpirits « of wine, &c. thus you may 
temper lacker or varniſh to what often, 9g of dN 7 
Be . ce 


as + « 


. - - 
4 12 


To 641 Waun alot, nat. Birds, Fu F, "7 Ec. in 
>] ee * 7 f 


' PROVIDEa bath of boards, "nailed ad fo 2 as not 
to let water run through the joints.; ſuſpend in the trough 
by thread or Holland twine in ſeveral places, the vegetable 
plant, inſect, &c. which you would caſt ; which being per- 
formed, mix four parts plaſter. of Paris and two parts of fine 
brick duſt with common water to the conſiſtence of cream, 


and with this cover the thing intended to be caſt; obſerving 


not to diſtort it from its natural poſition if / poſſtble; when 
you have filled your trough, let it harden by placing it near 
the fire by degrees, till you can make it ted hot; then let it 
n | { 7 ; | cool 


* 


tio 


tak 
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cool, and with a pair of bellows, blow and ſhake as much 


of 'the aſhes out of, the Rand, oe you, can; you muſt now 
put a ſmall quantity of quickſilver into the mould, and 


ſhakg-jt-iri:brdet ta looſen eyery part vf: theæ allies thinkin, 


alſo to make a paſſage through where thenſtrings woreated 
in n bk Qui, whentyou pouran:youd weiabon; 


£105229 vgs Nom metbidu In 


INE a Metal for the above Mort. 


n Ad WW) they * Munk Wy CY * AS 8 ud 


TAKE of grain tin 6, biſmuth 2, and lead 3 ounces; 
melt them together inan iron halle, and you may daft in 
the above mould to your ſatis faction. 

2710 % tio AMiter bolt (i Io noble ayra\0 


'You may combine the above ingredients in ſuch 1 propor- 
tions as to compoſe are Mie nels eee water: 


Il To lie ban zo lo yRatT nerd 

To caſt Convex or __— Moulds of Medals on Tinfoil with 
ob It "REINER noitulee du 

1 


TAKE a medal, &c. and cover it with very thin Gao, 
which preſs as cloſe tothe medal as yu can; go overevery 
part with a bruſh, laying on tolerably hard, in order to preſs 
the tinſpil into every: cavity of the medal, after which qu 
may pour prepared plaſter upon it; and when it is hard, 
take the medal out, leaving the tinfoil in the plaſter ; then 
with a little fine olive oil, anvint the tinſoil and the plaſter 
where it muſt part, and pour more plaſter upon the tinfoil, 
which alſo let harden; you may then ſeparate them, and 
take out the tinfoil, and you will have both a convex and 
concave mould. 
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Chemical meln. ns = ” % 
ALD teas well as aig pens 
wens of nature may be juſtly ranked the tranſedlourat 


produced by chemiſtry, and thoſe are he more pleaſing in 
general which are moſt eaſily executed. 


* * -, - - 


Au ar 92 
au, produce y the Mixtur £4 aer“, Fluids 


} 111% 0 ARE 


yy Red. Spins wins mixed wi ſr W 


1 1018 2 1 


Ou. : Solon of mercury mixed wit al of tara, 


bn gvods 911 2d nod) yer 


| Yi, Sinne of fublintate and lime water. 


Gren. err Nr 


1113 M e d D bb. þ Fg D312 2 & 
Purple, Solution ef cöpper and ſpirit 118 
niac. 


Blue. raue of rats ad rt of wine. 


Abe 
White sass of daha and Fit of f am- 


» # 


Black. Solution of beet tea and ſolution of vitriol. 


| 
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Colours 5 by the mixture of coloured Fluids. 


Gren. Tinctume of ſaffron, Which is yellow, mixed 
with indture of red roſes 1 FIN | 


Crimſon. TinQure of . which i is blue, and ſpirit 
ag which 1 is „ 


n Tinddure of red rol, which is rb, ad pi 
of hartſhorn, which s brownll. 


' Purple TinQur of violets, which i bu, and des 
of Hungarian vitriol, which is blue. 


Niollet. Tinftureof violets, which is blue, and ſolution 


of copper, which is green. 


Green. TinQure of cyanus (blue bottle flower) which 


is blue, and ſpirit of ſal ammoniac coloured blue. 


Yellew. Solution of Hungarian viteiol, which is blue, 


and lum, which is brown. 


Black, Solution of Hungarian died, hich is blue 
mn. 


Red. Tins of yn, wich is as, dani of 
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\ . 'Culoiirs changes dd vafloride', oi) 


SOLUTION of -c6ppex;2whichvis green, is made co- 
lourleſs by ſpirit of nitre ; and is reſtored again by oil of 
iat ins bald due elo jo nn,, N n 
Limpid infuſion of galls is made black by a ſolution of 
vitriol, and tranſparent again by oil of in and then 


black again by u 


Tin&ture of red roſes is + made black ar a e of Vi- 
triol, enen oil of cn | 


A light 4 of red ads by Giri of vine becomes 
a fine red; then, by ſpirit of fal ammoniac turns green; 
and then by oil of vitriol becomes red again. | 


Solution of verdegris which is green, becomes colourleſs 
by ſpirit of vitriol; then hy ſpirit: of ſal ammoniac becomes 
purple; and then by oil of vitriol becomes colourleſs 
aun, l „ ir Maki to nomuſe? opt 
Take antimony and grind it to powder, and it will become 
black. Let it be calcined with aqua regia; and'it will be of 
a greeniſh yellow; and when ſublimed with ſal ammoniac 
it will be white, red, yellow, greeniſh, and black; of an 


uniform red, when, freed: from its ſalt by water; but white 


when fixed with thrice its weight of nitre. Thus may be 
ſeen almoſt all the colours in one ſolid body. 


Mercury 


By 
with 
viſibll 
Ther 
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Da diſſolved by aquafortis, and diſtilled in a glaſs 
ort, affords likewiſe in different parts of the glaſs, a 
icy of color | 
| 1 
S cow SHE 
ſal-ammoniac to a ſolution of verdegris in vinegar, and 
dilute it with water till it be almoſt limpid. To turn 
that blue liquor pellucid, add an acid to it, till the acid 


Tan l dent vine s: 


to a high greem ſolution of copper in vinegar, drop ſpirit of | 
W eee ny 

To ane bee Blues 1 pe id vp" 
blue and a dep green: put a ſtrong and hot ſblution of © 
copper in ſal-ammoniac, into a clean cylindrical glaſs, . 
add thereto, lowly, ſpirits of nitre, drop by drop. A 
ferent colour between the two degrees, will appear upon 
the addition of each drop. 3 — 
e ee eee 
globes, e ju inde wh loves. nd hems, 
make beautiful illuminations. | 


e ie ns b 


vith which any characters being written they remain in- 


"iſible, till ſome method is uſed to give them a colour. 
f Q. 
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the above, but T ſhall only mention a few, ſulfcient to 
give 9 idea of their nature and uſe. 


43 


I one ounce of litharge of lead, incorporate it 
with twice the quantity of ſtrong diſtilled vinegar, ard let 
it ſtand twenty four hours. Then ſtrain it off, and let it 
remain till it. be quite ſettled. Preſerve this liquor in a 
bottle. | Weary 1Q41D4 | 


Oo — — — & 


2. Take one ounce of orpiment in powder, add therete 
tuo ounces of quick lime, put the ingredients into a 
pint bottle with as much water as will ſtand two fingers 
| / above them. Place the bottles. i in a warm place, and in 
twenty four hours the water will be ſtrongly impreg- 
nated ;. then pour the liquor gently nee it in a 
bottle well corked, and.it ON for 5. 10 0: * 


s 2 — 21 


fo u preparing ches liquors you "wi take — that they 

have no commubicktion;,, for the vapour of, the latter is 

' ſufficient to deſtroy the litnpidity of the farmer, and there- 
by render it unfit for uſe. 


Wheii you' write” with this former ink "he letters will 
be inbiſtdle, im 500 Wfolt” the vapbürs of the ſecond; 
thus you may read what was Wriktefr às plain as if written 

with ink. 


| Anothir Sjmpathetic Bl. 
2s: Diſſalye geen yaviol. in common water, and add a 
ſg} quantity, of, nitrous,-acid, to prevent, that yellowiſh 
pregigitation daf will gzherwiſe- be formed, The cha- 
* in dhis diffolution es new pen will be in- 
15 Rs = 2. Inſuſe Y 
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2. Infuſe in three fourths of a pint of water, or white 
wine, two ounces of (mall aleppo galls, aud at the end f 
two or three days pour the infuſion off: thus by drawing a 
pencil dipped i in this infuſion over the letters wrote with the 


laſt diſſolution, they will Wy of a beauriful Hot 
cially if the infuſion. be . 


The letters wrote with the lat diffolution will become a 
fine blue; if they be wetted with water ſaturated with 
Pruſſian blue: and letters wrote with this water, which 
will be inviſible, will Iikewile turn to a fine blue, 5 8 
wetted with the above diffolution. Es 


4 I 


Direftions for making the. beft Compoſtions for the Metal of 

. reflefting Teleſcopes; together with a Deſcription of the 
; Praceſs for grinding. * and giving te "_"_—_ 

the I parks curve.  - | 


THE perfection Saks e ee on 
ſnould be made, conſiſts in its hardneſs, 'whiteneſs, and 


EI OO eee e 


The beſt compoſition for the Specula of ting Tex 
leſcopes is as ſollous; 


Take good Swediſh copper two, pounds, and when 
melted, add fourteen ounces and. a half of grain into it; 
then having taken off the ſcoria, caſt it into. an ingot. This 
metal muſt be a ſecond time melted to caſt a ſpeculum; 
but it will fuſe in the compound ſtate with a ſmall heat, 
and therefore will not ealcine the tin into putty; it ſhould 
Fe poured off as ſoon as it is melted, giving it no more 
O 3 heat. 


4 
* 


compactneſs: for upon theſe properties, the refleQtive 
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heat that is abſolutely neceſſary. It is to be obſerved, 
however, that the ſame metal, frequent melting, loſes 
ſomething of its hardneſs" and Wa when this is the 
caſe, it becomes neceſſary to enrich the metal by the ad- 
dition of 'a little tin, perhaps in the proportion of half an 
ounce to a pound. And indeed when the metal is firſt 
made, inſtead of adding the fourteen ounces and a half 
of tin to the two pounds of meltcd copper, about one 
ounce of the tin were to be reſerved and added to it in the 
ſucceeding melting, before it is caſt off i into the moulds 
the compolition would be more beautiful, and the grain of 
it much finer : this I know by experience to be the caſe, 


The beſt method for giving the melted metal a good 
ſurface is this : the moment before it is poured off, throw 
into the. crucible a ſpoonful of charcoal duſt; immediately 
after which, the metal muſt be A with a wooden 


ww NT” 


cd AE e 

© The ne thee « 
complicated apparatus for grinding and poliſhing it. Four 
tools are all that are neceſſary, viz. the rough grinder to 
work off the rough face of the metal, a braſs convex grin- 
der, on which the metal is to receive its ſpherical figure; 
a bed of hones which is to perfect that figure, and to give 
the metal a fine ſmooth face; and a concave tool or bruiſer 


=; 151 {ai 3 


with which both the braſs grinder, and the hones are to be 


formed. A poliſher may be conſidered as an additional tool; 
but as the brafs grinder 'is uſed for this purpoſe, and its 
pitchy ſurface is expeditiouſſy, and without difficulty formed 
by! the bruiſer, the apparatus | is thetefore not enlarge. 


9 


a — — — — ng 


Artern der ICLES. wr 


T* 
* 0 44 1 * 1640 _M A : | 1 . * A, 


- | ef Wis Grinding 1 the Serum. 


" TH E tool by 5 the os furfice of the at} is - 


rendered ſmooth and fit for the hones, is beſt made of lead, 
ſtiffened with about a fifth or ſixth part of tin. This tool 


thould be at leak a third more in diameter than the metal 


which is to be ground; and for one of any ſize not leſs 
than an inch thick. It may be cemented upon a block of 
wood, I RY OOO ene | 


8 leaden tool deing caſt, it mull be fixed in the ks: 
and turned as true as it is poſlible, 'by the gage, to the 
fgure of the intended ſpeculum, making a hole or pit in 
the middle as a lodgment for the emery, of about an inch 
diameter ſor a metal of four inches: when this is done, 
deep grooves muſt be cut acroſs its furface with a graver, 
in the manner repreſented. - Plate — 
nnn. Fig. 3. W : 


Theſe grooves will ſerve to lodge the emery, and 4 by th their 
means the tool will cut a great deal faſter. © There is no 
occaſion to fear any alteration in the convexity of this tool 
by working the metal upon it, for the emery wilt bed itſelf 
in the lead, and ſo far arm the ſurface oll it, that it will 
preſerve its figure and cut the metal very faſt. Any kind of 
a low handle, fixed on the back of the metal witk ſoſt ce- 
ment will de ſufficient ; but it ſhould cover two titirds of its 
back to prevent its bending. This way of working will 


cut the metal tolerable faſt, and with MAES than any _ 


other method 25 deſcribed. 


When 
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When all the ſand-holes and irregularities on the face of 
the metal are ground, off, and the whole ſurface is ſmooth 
and regularly figured; the ſpeculum is then ready for the 
braſs grinder, . and muſt be laid aſide fog the preſent. 


„1 


The Manner 75 forming eau Tul. 


ngen eee Hamburgh braſs, at moſt 
= ſixth part larger than the metal to be poliſhed, and let it 
be well hammered into a degree of convexity (by the aſſiſt- 
ance. of a gage) ſuitable, to the intended ſpeculum. Hav- 
ing done this, ſcrape and clean the coneave ſide ſo thorough- 
ly, that it may be well tinned all over; then caſt upon it, 
aſter it has been preſſed a proper depth into the ſand, the 
former compoſition of tin aud lead, in ſuch quantity, that it 
may (for a ſpeculum of four inches diameter), be at leaſt an 
inch and an half thick, and with a baſe conſiderably broader 
than the top, in order that it may ſtand firtuly upon the 
bench, in the manner hereaſter to be deſcribed, . This be- 
ing done, it muſt be fixed and turned in the lathe with great 
care, and of ſuch a convexity as exactly to ſuit the concave 
gage, which we ſuppoſe already made. It will be neceſſary 
to be more careful in forming this than the former tool, and 
eſpecially that no rings be left from the turning, nor will 
the fuccecding hone tool require ſo much exactneſs, as any 
defects i in turning, will, by a method hereafier mentioned, 
be caſily remedied; but any inequality or want of truth in 
me braſs tool, will occaſion a great deal of trouble before it 
can be ground put by the emery. This tool muſt have a 
hole (ſomewhat leſs than that of the metal to be worked 


f 1 1 in the middle, quite through to the bottom, 
When 
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Wben this tool is Hntthed off in the lathe, its di ih ter 
W be one eighth widet than the metal.” 3 


II. in #54 * a bi F 
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L Hu to form the Bed of Hones, or third Teal,” . N 


HAVING choſen the beſt blue-ſtone, ſuch as clock- 


makers uſe in poliſhing up their work (taking great care 
that there be no red veins in it, for ſuch veins. are gene- 


rally hardeſt, therefore, will prevent its wearing equal) it. 


muſt be then cemented to a piece of ſtone, or metal; if the 


blue-ſtone cannot be procured, as large as is required, in ane 
piece, it may be joined together with cement, the ſize re- 


quired; after which, you muſt ſaw it into +-inch ſquares 
and about one eighth of an inch below the face of the ſtone, 
in order to carry off what wears off the ſtone, and likewiſe 
bebe, off the metal. The bed of hones ſhould be 


one fourth part larger than the metal which is ground up- 
on it, and turned as true as poſſible to the gage in a turner s 


be 
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85 Manner of forming the Bruiſer, th foes A 
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TH IS tool ſhould be likewiſe made of thick ſtout braſs, \ 


like the former, perfeRly ſound, about a quarter of an inch 
thick, and hammered as near to the gage as poſſi ble. It 
ſhould be then ſcraped, cleaned, and tinned on the convex 
ide, as the former tool was on the concave, and the fame 
thickneſs of lead and tin caſt upon it. The general ſhape 
of this ſhould differ from the former; for as that increaſed 


in diameter at the böttom for the ſake of landing firmly, 
o | fa 
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ſo this ſhould be only as broad at bottom as at top, as it is 
to be uſed occaſionnally in both theſe. poſitions. When 
this tool is fixed in the lathe, and turned off concave 
to the convex gage with great truth; its diameter ought 
bkewiſe to be the middle ſize between the hones and 
the poliſher. e 


Having with the lathe roughly formed the convex 
braſs grinder, the beds of hones, and the concave bruiſ- 
ers, the convex and concave braſs tools, and the metal, 


they muſt be wrought alternately and reciprocally upon 


each other, with fine emery and water, ſo as to keep them 


as nearly to the ſame figure as poſſible, in order to which, | 
fome waſhed emery muſt be procured. This is beſt done 


by putting it into a phial, which muſt be half filled with 


water, and well ſhaken up, ſo that, as it ſubſides, the 


coarſeſt may falf to the bottom firft, and the fineſt remain 


at the top: and whenever” freſh emery is laid on the tools, 


the beſt method (which we ſhould always obſerve with the 
putty in poliſhing), will be to ſhake the bottle gently, and 
pour out a ſmall quantity of the turbid mixture. 


I 


Of evinding the Speculim, the Brofe Tool and the Bruiſer 


together. 


All the tools being ready, pe; a firm poſt in the mid- 
dle of a room, you are to begin to grind the convex tool 


with the bruiſer upon it, working the latter croſs-ways 
with ſtrokes ſometimes acroſs its diameter, at others a lit- 
de to the right and left, and always ſo ſhort, that the 


| bruiſer may not paſs above half an inch within the ſurface 
of the braſs tool, either way, ſhifting the bruiſer round its 


axis 
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axis every half dozen ſtrokes, or thereabouts. You muſt 
likewiſe every now and then, ſhift your own poſition, by 
walking round, and working at different ſides of the 
braſs tool, at the times the ſtrokes ſniould · be carried round 
and round, but not much over the tool: in ſhort, they muſt 


be directed in ſuch a way, and the whole grinding con- 


ducted in ſuch a manner, and with fuch equability, that 
every part of both tools may wear equally. This habit of 
grinding, as well as the future one of poliſhing, may be 
leon acquired. 


When you have wrought in this manner about a quartet 


of an hour with the bruiſer upon the tool, it will be then 


neceſſary to change them, and; placing the broifer upon. its 
bottom, to work the convex tool upon that in the ſame - 


nne, 


When by dts + in this equable EURAV: alternately 
with the bruiſer and tool, and occaſionally adding freſh | 
emery, you have nearly got out all the veſtiges of the turn- 
ing tool, and brought them both nearly to a figure, it will 
be then time to give the ſame fortn to > the metal. This 
muſt be done by now and then grinding it upon the braſs 
tool with the ſame kind of emery, taking care however, by 
working the two former tools frequently together, to keep 
all three exactly in the ſame curve. The beſt kind of handle 
for the metal is made of lead, a little more than double its 
thickneſs, and ſomewhat leſs in diameter, of about three 
pounds weight, with a hole in the middle 4 litde larger 
than that in the metal : this handle ſhould be cemented 


on with pitch. The upper edge of this weight muſt be 


rounded off, that the fingers may not be hurt; and a groove 
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about the bigneſs of the little finger, be turned round juſt 
below it, for the more conveniently holding and taking the 
metal off the tools, 


The Manner of figuring the a upon the Hones. | 


WHEN the bruiſer, braſs toal, and AE, ate all 
brought to the ſame figure, and have all a | good ſurface, the 
next part of the proceſs is to give a correct ſpherical figure, 
and a fine face to the metal, upon the hones. It will be 
neceſſary to premiſe, however, that the hones ſhould be 
placed in a veſſel of water, with which they ſhould be 
quite covered for at leaſt an hour before they are uſed, 
. otherwiſe they will be perpetually altering their figure when 
the metal comes to be ground upon them. The ſame pre- 
caution is alſo neceſſary, if you are called off from your 
work while you are grinding the metal, for if they be ſut- 
ſered to grow. oy, the ſame inconvenience will ariſe. 


In order to give a proper 8 to the — and ex- 
act ſuitable to that of the braſs tool, bruiſer, and metal 
when the hones are fixed down to the block, ſome common 
flour of emery (unwaſhed), with a good deal of water, 
muſt be put upon them, and the bruiſer being placed upon 
the hones, and rubbed thereon with a gentle ſtroke and a 
light hand, the inequalities of the ſtone will be quickly 
worn off; but as a great deal of mud will be ſuddenly gen- 
erated, it muſt be waſhed off every quarter of a minute, 
with a great deal of water, By a repetition of this two or 
| three 1imes, the hones (being of a ſoft and friable ſubſtance), 
will be cut down to the figure, without much wearing ot 
| altering 


V 
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Atering the bruiſex. Though buſineſs may be quickly 
done, and can be continued but for a few ſtrokes at a time; 


I need; not ſay, that it is neceſſary that thoſe ſtrokes: be 


carried in the ſame. direction, and with the ſame care 
which was en a the two e tools * 
. of | 


len the: hones have. e we . . 
of the bruiſer, and all the turning- ſtrokes: are worn out 
from them, the emery muſt be carefully waſhed off; in 
2 to Which, it will be neceflary to clear it from the 
joints, with a bruſh, under a ſtream of water. The bruiſer 


and metal muſt be likewiſe cleared in the ſame manner, _— 


W care, from any n e e IHORE 


Te e being fixed Shy: to the black, der 
begin to work the bruiſer upon them, with very cautious, 
regular, ſhort ſtrokes, ſorward and back ward, to the right 
and left, turning the axis of the bruiſer in the hand while 


you move round the hones, by ſhifting your poſition, and 


walking round the block. Indeed the whole now depends 
upon à knack in working, which ſhould. be conducted 
nearly in the following manner: havipg placed the bruiſer 
on the center of the hones, ſlide it in an equable manner 
forward and backward with a flxake or two directiy acroſs 
the diameter, a little on one ſide, and ſa an the other ; then 
ſhifting your poſition an eighth part round the block, and 
having turned the bruiſer in your. hand. about as much, 


give it a ſtroke or two round and round, but not far over 


the edges of the hones, and then repeat the cxols ſirokes as 


before: thoſe round ſtrokes (Which ought not to be above. 


wo or thags at m een time you ſhift your 


2 own. 
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own poſition, and that of the metal, previous to the croſs 
ones, in order to take out any ' ſtripes either in the hones or 
bruiſer, which may be ſuppoſed 'to be occaſioned by the 
ftraight croſs ſtrokes .During the time of working, no mud 
mult be ſuffered to collect upon the hones, ſo as to deſtroy 
the perfect contact between the two tools ; and therefore 
they mult every now and then be waſhed clean, by throw- 
ing ſome water upon them. When by working in this 
manner, all the emery ſtrokes are .ground off from the 
bruiſer, and it has acquired a good figure-and clean ſurface, 
you may then begin with the metal upon the hones, in the 
fame cautious manner, waſhing off the mud as faſt as it 
eollects, though that will be much Jeſs now. than when the 
bruiſer was ground upon them. Every now and then, how- 
ever, the bruiſer muſt be rubbed gently and lightly upon the 
 Hones, Which will as it were, by ſharpening them, and 
| preventing too great err ay: an them to cut the 
metal much falter. 


| When Mice hank fome time cautiouſly wrought in hy 
manner before deſcribed, the hone pavement has uniformly 
taken out all the emery ſirokes, and given a fine face and 
| true figure to the metal, which will be pretty well known 
| by che great equality there is in the fee while you are 
Working, and by which an experienced workman will 
fortn a pretty certain judgment ; having proceeded thus far, 
1 fay, you may then try your metal, and judge of its bent 


n Hors Gere ali,” "3.070 A 


Work the hone-pavement quite clean; then put the 
metal Uþon the center of it, and give two or three light 
ſtrokes round and round only, not carrying, however, the 

; 4 4 edges 


MISCELLANEOUS ARTICLES. 109 


edges of the metal mych over the hones ; this will take out 
the order of ſtraight ſtrokes ; then having again waſhed the 


hones, and placed the ſpeculum upon their center, with a 


gentle preſſure, flide it towards you, till its edge be brought 
a little over that of the hones ; then carry it quite acroſs the 
diameter as far as the other ſide, and having given the metal 


a light ſtroke or two in this direction, take it off the tool. 
The metal [being wiped quite ary, place it upon a table at a 


nitle diftance from a window ; ſtand yourſelf as near the 


window at ſome dliſtance from the metal and looking ob- 


liquely on its ſurface, turn it round its axis, and you will 


ſee at every half tum the grain g given by the laſt croſs ſtrokes 
Aſh upoti your eye at once, over the whole face of the 


„e 


metal. This is à certain proof of a true ſpherical fiugre 


For as there is nothing ſoft or elaſtic, either in the metal 


1 in the hones, this glare is a certain proof of a periect 


r in every part of the two ſurfaces; which there 
coul not be, ik the (pherey were not both perſe@ and pre 
cifcly the lame. 1 


10 178 ' 
s 


"” Indeed there j js one accidental circumſtance which ne- 


ceſlarily affords-its aid in this arid every | buſineſs of the like 


ſort ; and this is, that a concave and convex ſurface ground 
zogether, thqugh ever ſo irregular at firſt, will (if the 
working be uniform and proper, conſiſting, eſpecially at 
laſt, of croſs ſtrokes ini every direction acroſs the diameter) 
be formed into > portions of true and equal ſpheres ; had i it 
not been for this lucky neceſlity, it would have been im- 
poſlible to have produced that correctneſs which is eſſential 
inthe ſpeculum of a good refleing teleſcope by any mecha- 


pie contrivance whatever. For when it is conſidered that 


the errors in ebe g dn are four tines as great a3 in refrace 
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tion, and that the laſt defect in figure is magnified by the 
powers, of the inſtrument ; any thing ſhort of perfection in 
the figure of the ſpeculum, would be he ho perceived 
by a want of diſtinctneſs in the performance. 

* muſt not, however, quit this article without obſerving, 
that I all along ſuppoſe, both in forming the tools, and at 
haſt figuring the metal (and indeed the ſame muſt be ob- 
ſerved in the future proceſs of poliſhing), that no lind of 
preſſure i is uſed that may endanger the bending, or irregu- 
larly grinding them; they ſhould, therefore, be held with 
- light hand, and looſely between the fingers, and the mo- 
tion given ſhould be in an horizontal d cetion, with no 


N preſſure than their own dead Won 


. now bniſhed Wo metal c on the 5 and re ren· 
dered it both in point 0 of beure and ſurface, fit for the laſt 
and moſt eſſential proceſs, yiz. that of -poliſhing, I will 
deſtribe ! it in the belt manner I c can; though many little 
circumſtances which are unavoidably 1 (and which, 
| at the lame time, are frequently eſſential. to the ſucceſs of 


2 mechanic proceſs) can only be ſupplied by actual 
FREE: 122 lo hae na 2 161 PLN ' pa 


The voliſhing of the ſpeculum is the molt difficult and 
eſſential part of the whole proceſs, for every experienced 
workman knows, t to his vexation, that the moſt trifling 
error here will, be ſuſßeient to ſpoil the figure c of his metal, 


and r all his pręced a ee uleleſs. | 


1 — but alſo = _recovering it when. it nag 
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to be injured; both to be effected in the act of poliſhing, 
I POLO CONT — 


W if we conſider rightly, ite will be per- 


ceived to be but a kind of grinding with a finer order of 
ſtrokes, and with a powder infinitely finer than what was 
before uſed in what was n called the grinding. 


| How to poliſh the Speculum. 


II is neceſſary to obſerve, that in order to avoid the 
detrimental intruſions of any particles of emery, it would 
not be right to poliſh in the ſame room where the metal 
and tools were ground, nor in the fame clothes which 
were worn in the former procels ; ; at leaſt, it would be 
neceſſary to keep the bench quite wet, to prevent any duſt 
from riſing, | 


Having then made the poliſher by. coating the braſs 


convex tool equally with pitch, which we ſuppole ſmoothed - 


and finiſhed with the braſs tool in the manner before de- 
ſcribed, and which is a very eaſy proceſs ; the whole opera- 
tion is begun and finiſhed in the following mapner : 


The leaden weight or handle upon the back of the metal 
ſhould be divided into eight parts, by ſo many deep ſtrokes 
of a graver upon the upper ſurface of the lead, making 
each ſtroke with the numbers-1, 2, 3» 4, and ſo on, that 
the turns of the metal in the hand may be known to be 


uniform and regular. 
To 
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To prevent any miſchief from eoarſe particles of putty, 
I always waſh it immediately before uſing: in order to 
this, put about half an ounce of putty into an ounce phial, 
and fill it two thirds with water; then having ſhaken the 
whely, et the. guy, Pont; RO WY with a 


cork. 


In a tea-cup, with a little water, chere ſhould be a full- 
ſized camel's-hait bruſh, and a piece of dry clean ſoap in 
a gally-pot: a ſoft piece of ſponge will alſo be neceſſary. 
Theſe, as well as the metal bruiſer and poliſher, ſhould be 
conſtanily covered from duſt. | a 


The poliſher being fixed down, and the camel b-hair 
- bruſh, being firſt wetted and rubbed a little over the ſoip, 
let every part of the tool be bruſſied over therewith ; 
then work the bruiſer with ſhort, ſtraight, and round 
ſtrokes, lightly upon the tool, and continue to do ſo, now 
and then turning it, till the poliſher have a good face, and 
be fit for the metal. Then having ſhaken up the putty in 
the phial, and touched the poliſher in five or ſix places 
with the cork wetted with that and the water, place the 
bruiſer upon the tool, and give a few ſtrokes upon the 
putty to rub down any gritty particles ; after which, having 
removed it, work the metal lightly upon the poliſher round 
and round, carrying the edges of the ſpeculum, however, 
not quite half an inch over the edge of the ws and now 
and then with a crols ſtroke. | 


«,4 Ira 4 RR % 


The firſt putty, and indeed all the ſucceeding applications 
of it, ſhould be wrought with a conſiderable while; for if 
time be not given for the putty to bed itſelf in the pitch, and 

. X ; th any 
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affy/quaiitity-6f it lie looſe upon the poliſher, it will ac- 


cumulate into knobs, which will injure the figure of 


the metal: and therefore us often as ſuch knobs ariſe, 
they muſt de carefully ſcraped off with the point of a-pen- 
knife; and the looſe ſtuff taken away with a bruſh: After 

the putty is well wrought into the pitch, ſome more may 
be added in the ſame manner, but never much at a time, 
always remembering to work upon it firſt with the bruiſery 

for fear any gritty particles may find their way upon the 
pohſher. Tf the bruiſer be apt to tick, and do not ſlide 
ſmoothly upon the pitch, the ſurface of either tool may be 
occaſionally bruſhed over with the ſoap and water, but it 
muſt be remembered, that the wet bruſh angſt ens Mich. 
y rubbed'upon the ſoap. © © cDNA O's 
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In the beginning of this proceſs little TY is . 
and the metal does not ſeem to poliſh faſt, in ſome mea- 


ſure owing to its taking the poliſh in the middle, and per- 
haps becauſe neither that nor the bruiſer move evenly upon 
the poliſher: but a little perſeverance will bring the whole 
into 2 good temper of working; and when the pitch is well 
defended by the coating of the patty, the proceſs will ad- 
vance apace: and the former acquiring: poſſibly ſome. little 
warinth,” the metal moves more agreeably over it, with an 
uniform and regular friction All this while the metal 
muſt have no more preſſure than that hie it derives from 
its ow weight,” and that of the: Handle; and the poliſtier 
muſt never be ſuffered to gro dry, but as oſten as, it has a 
tendehey to do ſo, the edges of it muſt be moiſtened with the 
hait pencil g und now and then, even when freſh putty ig 
not dall b the furface of the poliſher ne. be Wurden, 


with the bruſtvto'keop it moiſt. AM mf trof Bos eter ot; 
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- Whew the poliſh of the metal neazly reaches the edge 
(for it always, as I ſaid before,, begins in the middle) you 
muſt alter yo methed of working; for now the round 
ones. Suppoſing then you are juſt beginning to alter them; 
aſter having put on freſh putty, and gently rubbed it with 
two or three ſirokes of the bruiſer,, you place the metal on 
the tool; andi aſter a ſtoke or two round and round, give 
it a few forward; and back ward, and from fide to fide, but 
with the edges very little over the tool; then having turned 
the metal one eighth round. in your hand, and haying mo- 
ved yourſelf as much round the block (Which muſt be re- 
membered through out the whole proceſs), you. go an. again 
with a ſtroke or two round, to lead you only to the croſs 
ſtrokes, which are now to be principally uſed, and with 
more boldneſs; After this has been done ſotne time, the 
meta}: will begin to move ſtiffly. as the ſtiction dow in- 
creaſes, and ide ſpeculum poliſhes very, beautifully-and faſt; 
and the whole ſurface of tho poliſning tool will be equally 
covered over with a fine metallic bronze. The tool eyen now 
mut. not be ſuffered to hæcotme dry i a ſingle round ſtroke in 
each of your ſtations and turningꝭ of the metal will be ſuf- 
ficient,-and the reſt muſt. all be croſs ones, for we are com- 
pleting a circular figure. Vu muſt now be very diligent, 
for the poliſher drying, and the: friction ĩnereaſing very faſt, 
the buſineſs of the ſpherical: ſigure is nearly at an end- As 
the metal wears much, its ſurface muſt. be now and then 
cleaned with à piece of ſhnammy leather, from the black 
ſtuff which collects upon it; and the poliſher likewiſe from 
the ſame matter, with a ſoft piece of wet ſponge... You 


will now b& able to judge of the perfect ſpherical figure of 
the metal and tool, when thert is a perſect correſpondence 


between the Turfaces, by the fins equable feel there is in 
12 working 


working, which is totally free from all jerks-and inequali- 


ing to this figure of the metal by hold croſs ſtrokes, only 


three or four in the directions of each of the eight diame- 
ters, turning the metal at the ſame time: this muſt be done 
quickly, for it ought, in this part of the.proceſs. particu- 
larly, to be remembered, that if you permit the tool to 
grow quite dry, you will never be able, with all your 
force, to 3 that and the metal, ee 


F The metal has now a N poliſh and a true pail, 
figure, but will by no means make a ſharp diſtin image 
in the teleſcope: for the ſpeculum (if it be tried in the man- 

ner hereafter recommended) will not be found to make 
parallel rays converge without great aberration; indeed, 
the deviation will be ſo great, as to be very ſenſibly per- 
ceived by a great indiſtinctneſs in the image. 


It is here neceſſary to remark, hit Wat with 14s 

through the middle of the poliſher, a little leſs than the 
hole in the metal, otherways the hole in the metal would 
colle& the pitch towards the middle, and hence it would 
be impoſſible to make N 


Feu hogive the Parabolic Figure to the Mitals, 


In order then to give the ſpeculum the laſt and finiſhing 
figure, which is done by a few ſtrokes, it muſt be particularly 
remarked, that by working the metal round and round, the 
ſphere of the poliſher by this means growing leſs, it wears 


alteſt in the middle: and as a ſegment of the {ſphere may 
6 | become 
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become parabolic, by opening the extremes gradually from 
within outwards, ſo it may be equally well done by increaf- 
ing the curvature- in he" nn in a certain devon from 
r OP) W 


Suppoſitig then the und . be 0 

Rop the hole in the poliſher, by forcing a cork into it 
undetneath, about an inch, ſo that it do not reach quite to 
the ſurface; and having waſhed off atiy mud that may 
be on the ſurface of the tool with a wet ſoft piece of ſponge, 
whilſt the ſurface of it is a little moiſt, place the center of the 
metal upon the middle of the poliſher ; then having, with 
the wet bruſh, lodged as much"water round the edge of the 
metal as the projecting edge will hold, fill the hole of the 
metal and its handle with water, to prevent the evaporation 
of the ndoiſture, and-the conſequent adheſion between the 


ſpectlum and poliſher, and let the whole feſt in this ſtate | 


two or three hours: this will produce an intimate contact 
between the two, and by parting, with any degree of warmth 
they may have acquired by the vicinity of the opetator, 
they will grow perfe&] y cold together. 


By this time you may puſh out the cork from the po- 
jſher, to diſcharge the water, and give the metal the pa- 


rabolic figure in the following manner : 


Move the metal gently and ſlowly at firſt,” à very little 
round the center of the poliſher (indeed after this reſt it will 
move ſtiffly) then increaſing by degrees the diatneter of 

theſe ſtrokes, and turning the metal frequently round its 
axis, give it a larger circular motion, and this without any 
preſſure but its own weight, and holding it looſely between 


P 
*s 


. 4s . ß / DAtthocrt ago 
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the fingers: this manner of working may ſafely be con- 
tinued about two minutes, moving, yourſelf as uſual round 


the block, and carrying the round ſtrokes in their increaſed 


and. largeſt late, not more than ill move the edge of the 
metal half an inch or five-eighths over the tool. The ſpe- 


| culum muſt not all this while be taken off from the poliſher; 


and conſequently no freſh putty can be added. It will not 
be ſafe to continue this motion longer than the time above- 


mentioned; for If the, parabolic tendency be carried the 


leaſt too far, it will be impoſlible to recover a true figure of 
that kind, but by going through the whole proceſs tor the 
ſpherical one in manner before deſcribed, by the crols ſtrokes 
upon the poliſher, which takes a great deal of time, How- 


ever, when there is occaſion, it may be done; and I have 


. myſelf ſeveral times recovered the circular figure, when I 
had inadvertently gone too far with the parabolic, and 


ultimately AO PE ART eee 54% ente 
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To try the true Figure of the Metal. 


TT will now be proper to try the figure of the pecu- 


lum, and that is always beſt done by placing it in the tele- 


ſcope it is intended for. In order to this, I uſe the inſtru- 
ment as a kind of microſcope; placing the object however, at 
fuch a diſtance that the rays may he nearly parallel. At 
about twenty yards a watch-paper, or ſome ſuch object, 
on which there are ſome very fine hair ſtrokes of a graver 
is fixed up. The Jead muſt be then taken off from the 
back of the ſpeculum, which is beſt done by placing the 
edge ofa knife at the junction of the lead and metal, when, 

09% — 27 nin" eh, 
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by ſtriking the back of it with a flight blow, the pinch 4 im- 
medliately ſeparated, and the handle drops off; the remain- 


ing pitch may be ſeraped off with a kbife, taking care that 
| dont of the daft Rick 1 ale PII an 


1 


7 eng placed the Rita the cell of the tube, and 
directed the inſtrument to the object, make an annular 


| kind of diaphragm with card paper, ſo as to cover à cir- 
cular portion of the middle part of the metal between the 

hole and the cireumſerence, equal in breadth to about an 
eighth part of the diarneter of the ſpeculum: this paper 
ring ſhould be fixed in the mouth of the teleſcope, and re- 
main ſo during the whole experiment, ſor the part of the 


metal covered by it, is een be youre 4 enen 
unemployed. | 

There muſt ede bse betenden s ie Send 
paper cut out, of ſuch ſizes, that one may cover the center 
of the metal by completely filling the hole in the laſt deſcri- 
bed annular piece; and the other, ſuch a round piece as ſhall 
exactly fit into the tube, and ſo broad, as that the inner 
edge juſt touch the outward circumference of the middle 
annular piece. It would be convenient to have theſe two 
pieces ſo fixed to an axis, that they may be put in their 
places, or removed from thence ſo caſily, as not to diſplace 


or ſhake the inſtrum nt. All theſe pieces therefore, to- 
gether, will completely ſhut up the mouth of the teleſcope. 


Let the round piece which covers the center of the 
metal, or that which has no hole in it, be removed; and 
by a nice adjuſtment of the ſcrew, let the image (which is 
now formed by the center of the mirror) be as ſharp and 
diſtinct as Ones. This being done, every thing elle re- 
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maining at reſt, zeplace the central piece, and remove the 
outſide annular one, by which means the circumference 
only of the ſpeculum will be expoſed, and the image now . 
formed will be from the rays reflectect trom the autfide of 
the metal! If there be no otcaſiun to move the ſcrew anch 
lntla metal, and the two images formed by theſe two por- 
tions of the metal be perſectiy ſharp. and equally diſtin ct.. 
theiſpeculum is:perfet and of the true parabolic: curve ; 
ob at leaſſ the errurs of the! great and little err ut ab 
thers be anyy arg corrofted * ann N aigo ne 
(L giigd. qu 874 e Na fs 4,8 ye! US DION» 
Il, on the contrary, under the, laſt 338 the, 
urge from the;puride.of the well. ſhould. not be didinet. 
and it ſhould become necellaxy, in order io make it ſa, that 


de liule pocnlaw be brought nearer, it is plain, that the 


metal is nat yet. brguglu to the parabolic figure; but if, og 


the other band, in, order 10. procuts diſtinctneſs, you bs 


obliged to move the little ſpeculum farther off, then the 
figure of ine great ſpoculum has been carried beyond the 
parabolic, und hath aſſumed an hyperbolic: form. When 
the latter is the caſe, che eireular figure of the. metal muſt 
be-recovered (after having fix id on the handle with the ſoft 
pitch} by bald Foft rokes upon the poliſner; indeed. a 
very le w of them in the manner before deferibed make in 
etc u greater [difference in the ſpeculum than would;ba 
ab fert imagined! If a metal of a ue ſpherical »figura | 
were 0 be trie in the above-mentioned. manner in the | 
teleſcope [Which F have frequently: done)" the difference a 
the foci of the tivo ſegments of he motal would be ſo con- 
ficke fable, As to. require tw or three ue of the ſcrew: ta. 
aIfulf chern; $6 ery great is the aberration of a ſpherical 
Figure of tte" ſpetulum; and ſo improper to procure that 
Ut ME Sun yd nadw to havwer2! * - ſharpneſs 


«#3 
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Sharpneſs and preciſion fo neceſſury to a good — 
. ddaſcopentur 7 agtdpurdon e ne hiner 


VOOrra2 nin pu ut fared low HH , br 
This is by no means the; caſe: with»the object glaſſes 
af the refractors ; for beſides that they are in fact never ſo; 
diſtinct as well finiſhed teflectors, the apertures of them 
are ſo exceedingly ſmall, compared to the latter, and the 
number of the degrees employed ſo very ſmall, that the in- 
ä of a ſpherical figure is not ſa. much perceived. 

Accordingly we oblerve.n- the grnerality of reflectors 
(whoſe ſpecula, unleſs by accident, are always ſpherical) 
| that the only true rays whith form che ditin@ image ariſc 
from the middle of the metal: and unleſs the defect be 
remedied by a confidetable aperture, which deſtroys much 
night, the falſe reffectio from the inſide of the metal pro- 
duces A greyiſh kind of hazineſs, r . 
in Mr. Short's, or indeed in dd anhang 


200 „ a303 Ho. wfinok. oo: 2204 24:11. als p70 $3. Ds Io 
Suppoſing that the; two ſoci of 3 the 
metal. periectij cojacide,; and that, by che union of them 
when the apertures are removed, the teleſcope ſhews the 
objects very ſharp and diſtindt, you are not however: even 
then ta conclude that the inſtaumęnt is not capable of far- 
her improvement 3 i you; will, perceive arſenſible diffe · 
ence in the ſharpneſp of the images, under: diffrrent poli- 
| tions of the great. Pechlum ich geſpect lig ther lid one, 

by turning round; the great metal. in its cell, and ſopaſing 
Anfferent parts. al it to different parts of the little metal, cor- 
recting by this mans dhe ęror of que/by the other, This 
W ſhout, be perſexered 0 for, ſome dinge. turning 
iound the great ſpeculumi. about one ſactegnth at g time, 
andicarefully obſerving the ragſtdiftind, ſixuatian each time 
the cye piece is ſcrewed on: when by trying and _ 


a the 
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the great metal all round, the diſtinReſt poſition is diſcover- 
ed, the upper part of the metal ſhould be marked with a 
black ſtroke, in order that it may always be lodged in 
the cell in the ſame poſition. This is the method Mr. 
Short always uſed ; and the caution is of ſo much conſe- 
quence, that he thought it neceſſary to mention it very par- 
ticularly in his printed directions for the uſe of the inſtru- 

And farther, Mr. Short frequently corrected the errors 
of the great by the little metal in another way. If the 
great ſpeculum did not anſwer quite well in the teleſcope, 


he cured that defect ſometimes by trying the effect of ſe- 


veral metals ſucceſſively, by this means correcting the errors 


of one by the other; for in ſeveral of his teleſcopes which 


have paſſed through my hands, when the ſizes and powers 
have been the fame, I have found that the great metals, 
though very diſtinct in their proper teleſcopes, yet have, 
when taken out and changed from one to the other, ſpoiled 
both teleſcopes, rendering them exceedingly indiſtinct, 
which could ariſe from no other circumſtance. 


To return: a little uſe in working will make the whole 


of the proceſs of grinding and poliſhing very eaſy and 
certain; for though I have endeavoured to be as particular 


as I can (I am almoſt afraid too much ſo), it is yet ſcarcely 
poſſible to ſupply a want of dexterity, ariſing from habit 


only, by the moſt laboured and minute deſcription. And 


though the above account may appear irkſome to the 
reader, as it lies cold before the eye, I am very ſure, who- 
ever attempts to make the inſtrument, will not complain of 

it as tediouſly particular. | 


R 1 will, 
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1 will, however; farther remark, that when the metal 
begins to move ſtiſſſy upon the poliſher, and particularly 
when the figure is almoſt brought to the parabolic form, it 
will be 'neceflary to fix the elbows againſt the ſides, in order 
to give momentum wade are th to men. 
_ bee. that * the whole body. 


The ſame ,oliſher will ſerve for ſeveral metals, if it bs 
un n 05 _ to uſe it. 


Thire itothv eentindes, ax was one too, 
which muſt not be omitted; it is this: for Me very ſame 
reaſon that the pitch ſhould not be too hard or ſoft, the 
work will not proceed well in the heat of ſummer, or cold 
of winter : in the latter, it may be poſſible to remedy the 
defect by having the room warmed with à ſtove; and in 
the ſummer; the other inconvenience may perhaps be avoid- 
ed by uſing a harder kind-of pitch; but I much doubt in 
either cafe whether the work will go on fo kindly ; I have 
ee I" Wen in eee Ne 


The proceſs of poliſhing, and indeed 8 upon the 
hones, will not go on fo well if it be not continued unin- 
terruptedly from beginning to end; for if the work of either 
kind be left but for à quarter of an hour, and you then 
return to it again, it will de ſome time before the tool and 
metal can get into a kindly way of working; mn they 
a you are hurting what was e before. 


g |  cantiot conclude without indolging myſelf in an ob- 
x ſervation on the amazing fagacity of Sir Iſaac Newton in 
every _ upon which he thought-fit to employ his at- 

a tention. 
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tention. It was he who firſt propoſed, and. indeed practiſed 
the poliſhing with pitch; a ſubſtance which, at firſt fight, 
perhaps every one but himſelſ would have thought very im- 
proper, from its | ſoftneſs, to produce that cortectneſs of 
figure ſo neceſſary upon theſe occaſions ; yet, he poliſned 
ſeveral object glaſſes for refraRing teleſcopes; and ended 
many more with it; and I do believe, that it is the only 
ſubſtance in nature that is perfectly well calculated for the 
purpoſe ; for, at the ſame time that it is ſoſt enougb to 
ſuffer the putty to lodge very freely on its ſarface, and for 
that reaſon to give a molt tender and delicate poliſſi; it is 
likewiſe totally inelaſtic, and therefore, never from that prin- 
ciple, ſuffers any alteration in the ſigure you give it. If 
the firſt makers of the inſtrumenty therefore, had given 
proper credit to, or had fimply followed the hint Sir Iſaac: 
gave, it would have ſaved them infinite trouble, and they 
would have produced much better inſtroments;; but the 
pretended refinement of drawing a tincturt from pitch, 
wich ſpitits of wine, affords you only the reſinous, hard, 
and untractable part of the pitch, diveſted of all that part 
of its original ſubſtance which is neceſſary to give it that 
accommodating pliability in which its excellence conſiſts. 


It js needleſs to ſwell this account with a, detail of the 
orocely for poliſhing the little ſpeculum, as it muſt be con- 
duQed in the fame manner which has been already de- 
ſcribed in that of the large one; only obſerving, kat ut the 
little metal has an uninterrupted face, without, 3 hole, ſo. 
there is no occaſion for one in the poliſher ; and likewiſe 

; that, as. a ſpherical figure is all that need here be practi- 
; eee SHE 10080 
. ſhort a that. of the other: „ _ 
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As it is always aeceffary to ſolder» to the back of the 
little ſpeculum a piece of braſs, as a fixture for the-ſcrew 
to adjuſt its axis, I ſhall juſt hint a ſafe and neat method of. 
matical inſtrument-maker upon other occaſions. Having 
cleaned the parts to be ſoldered very well, cut out a piece 
of tinſuil tlie exact ſixe of them $1 then dip a ſeather into a 
pretty ſtrong ſolution of ſal ammoniac in water, and rub it 
over the ſurfaces to be ſoldered ; aſter which, place the 
tinſoil between them as faſt” as yon can (for the air will 
quickly corrode their ſurfaces, ſo as to prevent the ſolder 
taking) and give the whole a gradual and ſufficient heat to 
melt the tin. If the joints to be ſoldered have been made 
very flat, they will not be thicker than a hair: though the 
ſurfaces be ever ſo extenſive, the ſoldering may be con- 
ducted in the fame manner; only that care muſt be taken, 
by gentle preſſure, to keep them cloſe together. In this 
manner, ſox inſtance, a ſilver graduated plate may be ſol- 
dered on to the braſs limb of a quadrant, ſo as not to be diſ- 
cernable by any thing but the different colours of the 


1 . 1 my . 
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ol Deſcription of the Grinding Tooſs, and and the Apparatus for 
| te yt 2, mn true Figure 70 ** PN. 


An Hinder for working oF the face of the metal. 
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An apparntus for exarnining the! paabokoigure of the 
ſpeculum. Fig. — & 5 AEM e 95TH nee ee 
ods drm root mize e ito; Mad I gen finths wy 
"A A, 'the- = — or edge oi the great 
übe „ n 6 1104040 4 OTE Oat ati: le 
; Pure Ki, 0447 a7 Ueno Ne NN -1yrtq 9th Dun 
B B. a thin piece of wood, faſtened into,/ and/fluſh with 
the end of the tube; to which is permanently fixed, the 
annvlat piece of paſteboard C C, intended to cover, and to 
prevent the action nee - ene fe 
" living 0 0 ot 7 wht 2n 1% Napier fy Shorts 512495 gil 
+ Ha Wes een & oft non fir ks (iet! 

D, another piece of paſteboard, fixed by a pin to the 
piece of wood B B, on which it turns on a center; ſo that 
the great annular opening H H, may be ſſuut up by the 
ring F F, or the aperture G G, by the imperforate E 
in ſuch manner, that in the firſt inſtance, the reſlection may 
be from the center, and, in the latter, from the circumſe- 
rence of the great ſpeculum. einn Mien ne 


To grind and poliſh Concave Lenſes, for Proſpe®? Glaſſes, &c. 


PLACE an arbor or mandrill in a turner's lathe, 
whereon you can fix. leaden wheels of what dimenſion 
you pleaſe, ſuppoſe one, two, or three inches diameter» 
and three-eighths, or half an inch thick (which are com- 
mon ſizes for making the above-mentioned uiftruments), 
you then prepare the glaſs by chipping it round with a-pair 
of large ſciſſars, or ſmall ſhears, to the ſize you want it, 
and either cement it to the end of a little ſhort! block of 
wood made for that purpoſe, or hold it looſe in your fingers 
upon the edge of the wheel, it having.cmery and water 

| conſtantly | 
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conſtantly applied to it all the while you are grinding. In 
holding the glaſs, you muſt preſs moderately upon it, and 
keep turning it backward and forward all the time, ſo that 
it may have a true figure. When you have ground it deep 
enough, and you can obſerve no defect in its ſpherical 
figure, you muſt apply no more emery, but ſtill keep work- 
ing it upon the tool with a very light hand z it would ſtill 
be much better if you had another wheel of the ſame dia- 
meter, on Which, you might apply à little ground pumice 
ſtone, in order to take out the ſtrokes, or ſcratches, made 
by the emery. When you perceive it to be in a proper 
ſtate for poliſhing, Which you may do by examining it 
thtough a magnifying glaſs, and if no {cratches, nor holes 
appear, it is then ready for the poliſhing wheel, which is 
made of wood, the exact ſize of the wheel on which it 
was ground, and a piece of clean linen cloth faſtened double 
round its edge; then apply putty, moiſtened with Water, 
and work it in the ſame manner as when you ground it; 


and, in a few. minutes, you 3 it 49 have an ex - 


cellent * 


To bt. * 2 ay "Micriſepic Objed? Gui, 55 ye 
ball. 


Firſt, „ ſpindle, at babe af which, | 


2 pulley. is fixed, which, muſt be turned by a. wheel. by 
means. of a cord, and handle. At the top of the ſpindle, 
make a ſcrew, the ſame: as a lathe ſpindle, whereon you 
may ſcrew chocks of, different ſorts, * may be made 
in the anne o | 


ae : 484 L en 


Make 
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Make a hole in a piece of wood, juſt to fit tight upon 
the collar of the ſpindle, and turn it to one inch long, and 
one inch larger in diameter than the hole; place it on the 
collar at the chock end of the ſcrew, and lap a piece of 
paſteboard round the wood, fo that it may ſtand an inch 
above the top of the ſcrew; then pour melted lead upon it 
till the paper is full, and when cold, you may unſcrew it, 
and fix it in a lathe; ſcrew the chock on again, and turn 
it true on the end; take it off, and ſolder a piece of thick 
brafs upon it, with ſoft ſolder, afterwards turn the braſs 
to the concavity you intend it, as true as poſſible with the 
turning tool, after which apply it upon the edge of a 
wheel of the ſame radius of a ſphere as the gage you turned 
it by; and, by grinding it a little in the fame manner as 
you grind concave glaſſes, it will be ready for uſe. | Next 
prepare the glaſs,” by chipping it to the ſize you want it» 
and cement it on the end of a block of wood of the ſame 
diameter, and one, two, or three inches long, ſo as to hold 
it eaſily between your two fingers and thumb; make a 
concave gage of thin braſs, the ſame radius of a ſphere as 
the pan, and grind the edges of the glaſs upon a rough 
grinding-ſtone, till it fits the gage 3 : then it is ready for it its 
ſphericat figuie. © > | 


The next thing neceſſary is to prepare the emery, which 
is done in the following manner: provide at leaſt, ſix 
earthen veſſels, that wilt hold two or three quarts each 
(take care they are quite clean when uſed), fi the firſt 
with water, and put one pound of fine emery in it, and ſtir 
it well about with a ftick, after which, Tet it ſtand about 
three feconds of time, and then pobr it into another veſſel, 
Which let ſtand ten feconds, then pour it off. again into the 
ſeveral veſſels until the water is 35855 clear; and, by this 

means, 
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means, you will obtain emery of as many degrees of fine- 
neſs as you pleaſe ; which mult be kept ſeparate from one 
another, and worked in their proper order, beginning at 
the firſt, and working off all the marks of the grinding- 
ſtone ; then take of the ſecond and third, &c. holding the 
glaſs upon the pan with a light hand, when it comes to be 
nearly fit for poliſhing; a little en will make the 
practitioner * Py | 


The poliſhing is ok as follows : after the glaſs is 
brought, by grinding with emery, to a fine ſurface, grind 
fome pumice-ſtone, by rubbing it with a little water upon 
a ſtone, and what rubs off mult be uſed in the pan (this is 
called bottoming), work it off with this, till it is almoſt 
poliſhed, which will eaſily be perceived; then tie a piece 
of linen rag about the pan, and, with putty, moiſtened 
with water, continue the grinding motion, and in a little 
time there will be an excellent poliſh. 


What has been ſaid on grinding ſpeculums for reflectors, 
will be as eaſily adapted to the grinding of object glaſſes ſor 
refractors; for what is called the bruiſer there, will, in 
this caſe, be called a pan, and the convex tool will become 
the bruiſer. 


| There have been contrived a number of different com- 
politions for the metals of reflecting teleſcopes ; among 


which, the following appear to be very good. 

4. Take of dean new copper twenty-four ounces z melt 
it in a crucible, ſkim off the ſcoria ; let the fire abate a 
little, and add ten ounces of the pureſt grain tin rolled 


up in brown paper; when the tin is melted ſtir it with a 
a wooden 


— 
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woaden ſpatulag and having your eee 
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The regulation of ahe ive is bie A bande 
ſhould be particularly attended. 40, for if a violent ſiro be 
uſed after We, tin, ig added, the tin will exaparate, and 5 
the metal; will be, full , of ar-hales, Which will) preyent 
its acquiring a fine poliſh. | Therefore, when the copper 
is in perfect fuſion and the ſcoria taken off, the fire 
ſhould be diminiſhed; the; iin added, and ng more! begt 
ſhould afterwards be uſed, than is ſufficient to melt the 
whole, ſo ag; 40 give, an e. ee 
poungd . the mould. u Pa), © OVT 1 The Hg. 242090 2 

„ en , 2401-103 ho” $7 ht 1199 URL) 
The Rey, Mr... Edwards i 21 great cdank.of 
pains to diſcover the heſt compoſition ſor the metals 
of refleing teleſcopes, ane 
the true parabolic figure. $1 ul . 
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"Thicke teleſcopes bape Pech Wiel by, Dr. 4 en and 
found greatly to excel in brightneſs, and to equal in. other 
reſpects, thoſe made by the beſt artiſts; they ſhew,a white 
object perfeAly white, and all objects 3 
colour, much different from the common 
teleſcopes. 

neh ano, 

ieee ay OEM 
metals, ſuch as ſilver, platina, iron, coppes, braſs, lead, tin, 
antimony, biſmouth, zinc, arſenic, &c. he found, that 32 
ounces of copper, with 15 or 16 ounces of grain tin, (ac- 
cording to the | purity of the copper) with the addition of 
Ces ee r n OFe®: 
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will form a metal, capable, when poliſhed” in 4. proper 
manner, of reſlecting more light than 1 other metal yet 
8 21 nA i e e 1. ene 065.97 * Ty 
When! it is bad that che proportion of tin is font f I 50 or 
16 t6' 32 Cunces of E6pper, it it ſhould be underſtood that the 
proportion of tin will not always be acciirately the ſame, as 
copper will take more or Tels tin to perfectly ſaturate it ac- 
<ording to Its purity ; : ;It might be of uſe, previgully to purify 
the copper as much as poſſ ible; but a very little experience 
In theſe matters will enable any one exactly to know when 
dhe copper is compleatly Taturateg; as s the compoſition will 
if broken, appear of a moſt beautiful bright, and glaſſy na- 
ture, very much reſembling the fine face q of quickſilver; the 
method {© aſcertain that point erich, is to melt 32 01 ounces 
| of copper, and to add't to It, when fffciently fuſed, 15, ounces 
of tin, and to pour the mixture into an ingot ; : "then t. to a 
certain known portion of this compoſſtion add a very ſmall, 
but known, portion of tin, and thus by a few trials one 
may calily obtain the point | of complete ſaturation, and he 
mariinum of perſection; "having, then aſcertained what t por- 
tion of | lin is added to the above known, a quantity « of the 
| compoſiti tion, add the proportional quantity of tin to the 
2whole, hen melted a ſecond time. Thus if 1 find muſt 
add 1 quarter of an ounce to 1 pound of the compoſition, 
ſo as to obtain the utmoſk brilliancy ; then J know, that 
when T ſhall melt the remainder” of the metal à ſecond 
tin, In order to caſt the Tpetfilithn, I mult add 1 dunce of 
ruin tin to 4 pounds of the — — made according 


to the Px of 32 dunces of copper to 15 ounces 
ol kin. 7 1 1 * ; 29 th ue 1! i? * *"* 
hg Yo $2070 900 bor 29991 3 5910. 4 Ny 10 % 2 
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The beſt method poſſible to male this compoſition to 
the greateſt advantage, is to melt the copper as fluid as poſ- 
ſible, and flux it with the black flux, which is made by mix- 
ing 2 parts of tartar, with 1 of nitre; to melt the tin in a 
ſeparate crucible by itſelf; to take the two crucibles out of 
the fire, and pour the melted tin into the fluid copper, and 
ſtir it inſtantly with a wooden ſpatula, and pour the whole 
immediately into a large quantity of cold water. The ſud- 
den chill from the cold water divides the melted maſs into 
an infinite number of ſmall particles, and by that means cools 
it 'inſtantaneouſly, and conſequently prevents the tin from 
calcining ſenſibly: and hence it was always found, that in 
the ſecond melting the compoſition was entirely free from 
pores, even though no arſenic had been employed. Vet 
the addition of arſenic ever rendered it much more compact, 
and indeed ſpecifically, heavier, as well as more brilliant and 
beautiful; for the ſpecific gravity of the compoſition itſelf 
is 8.78; but with the addition of 1 ounce of If L 
pound of metal it is 8.89. RIG Ha 146517800064 2 

tt „d rtf f 75 Z 3% Dutt be wines. 

- Aﬀter having wed the brilliapt compoſition c of copper — 
tin, melt the proportionable quantity of ſilver and hraſs in 
a ſmall crucible by itſelf. ,, When you put the gompoſition 
a ſecond time into the crucible,, add alſo the lump of braſs 
and. ſiyer melted before in a ſeparate crucible, and when the 
whole is fluid, add the proportionable quantity of arſenic, 
and then pour it off into the, flaſks after the ſcoria is taken 
off, and a little pode red roſin is tion into it. In other 
wonds, it is better notito add:the-braſs to the copper in the 
firſt melting, as the heat of the coppen calcines the Lapis 
Calaminaris in the braſs, which, readers the metal not fo 
good, as if the braſs and ſilyer were melted together, (as 


e welforich. leſs heat than braſs) and then ace: to 
h 1 the 
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the metal in the ſecond melting. As copper requires a 
much greater heat to melt it than braſs, it gives too great a 

heat to the braſs when it is added to it, which by calcining 
the lapis calaminaris in the braſs will ſometimes cauſe the 
metal to be in a ſmall: degree porous. By purſuing the 
above method it: will never be porous in the leaſt degree. 
We are not to imagine it porous becauſe it breaks up with 
the emery. It will always do ſo with the fineſt emery; but 
theſe break · ups are taken out by the bed of hones. If the 
common blue hones are uſed» a little water muſt be applied 
at a time, to make them cut the metal. Having ſaid ſo 
much relative to:the. compalition af the mn uin ig 
NOOR ee 11 | 


The Manner gabe un l 


THE ſand moſt proper for the purpoſe of cating ſpe- 
culums, is the common Highgate ſand generally uſed by the 
Londen Founders ; it ſhould be as little wet as may be, and 
well beaten, but not too hard. The flaſks ſhould be at leaſt 
2 inches wider than than the metal intended to be caſt ; for 
if the ſand is not of à ſufficien nt thickneſt, it will inſtantly 


become dry when the hot fluid metal is poured into it, and 


conſequently will contract, and of courſe the fluid metal 
will run out of the flaſks, | A proper thickneſs of ſand will 
however prevent this accident. The metal or pattern muſt 
be made of braſs or hard pewter, and maſt be a-little 
thicker than the ſpeculum intended to be caſt from it, as 
the thing caſt is always a little leſs than the pattern, owing 
to its: contracting a ſmall degree in cooling. A wooden pat- 
tern will not quit the ſand near ſo well as one made of me- 
tal; beſides wood will always warp by the moiſture of the 


ſand, 


r 
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and conſequently will give a falſe figure or form to | 


the intended ſpeculum, and ſo create more labour, 


As the compoſition here given ſor the ſpeculum is the 


hardeſt, and the moſt brittle of any metal yet known, ſo it 


is the moſt, difficult to caſt: the common manner of caſting 
other ſpecula will net avail in the leaſt degree here, and it 
was a conſiderable time, before a certain and infallible way 


to caſt IS | 


downwards, was found- out. 


ee ets cena wha 
very edge of it, its breadth, where it joins the metal, ſhould 
be at leaſt half the diameter of the metal, e ee 
muſt be half the thickneſs of the metal at the edge; and 


upper part of the git ſnould contain as much metal — | 


or even more, amen 


When "Wy en with nn e 
ſand, ten cr a dozen ſmall holes ſhould be made through the 
ſand at the back of the mould, with a ſmall wire or com- 
mon knitting-needle, to permit the air to eſcape as the 
metal is. pqured into. the mould. It is found by experience 
that ſeveral. ſmall holes are infinitely 1 
eee 0 Ne n Or 


When ds act {Ha whieh WIGS 
donewith as ſmall a degree of heat as poſſible; and the propor- 
tionable quantity of crude arſenic in coarſe powder is added, 
ſtir it with a wooden ſpatula ; when the fumes are gone off, 
take the metal off the fire, take away the droſs, and add half 
an ounce or an ounce. of: powdered roſin, or equal parts of 
.. and nitre, in order to give neee 

2 face, 
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face, ſtir it well with a tick and pour it immediately into 
the flalks. When the git is filled up with the fluid metal, 
ſtrike the flaſks gently, ſo as to ſhake or jog the metal in 
them in a ſmall degree; this will prevent any flaws in the 
face, from any air bubbles being lodged there. When 
the metal has remained in the flaſks for a few'minutes, ſo 
as to become entirely ſolid; open the'flaſks when the metal 
is red hot (it cannot crack in this ſtate, though it is ex- 
poſed to the air, as all metals are malleable when they 
are red hot) and take out the ſpeculum with a pair of 
tongs, laying hold of it by the git, but take care to keep 
the face downwards to prevent it from ſinking; force 


out the ſand from the hole in the middle of the mirror 


with a piece of wood or iron, and place the ſpeculum in 
an iron pot with a large quantity of hot aſhes, or ſmall 
.coals, ſo as to bury the ſpeculum in them a ſufficient 
depth; if the ſand is not forced out of the hole in the man- 
ner above directed, the metal by ſinking as it cools will 
embrace the ſand in the middle of the ſpeculum, ſo tight, 
as to cauſe it to crack before it becomes entirely cold; and 
if the metal is not taken out of the ſand, and put in 
à pot with hot aſhes to anneal it, the moiſture from the 
ſand will always break the metal. Let the ſpeculum re- 
main in the aſhes till the whole is become entirely cold. 
The git may eaſily be taken off, by marking it round 
with a common fire half- round file, and giving it then a 
gentle blow; the metal is then to be ground and figured. 


of . grinding and foie the e. 


THE beſt method ſound to rough grind * 9 


. 1s to grind” the ſurſace of it quite bright upon the com- 
| | mon 
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mon'/grind-ſtone, made nearly to the figure or focus of the 
ſpeculum, by a gauge. Take it then to a convex tool made 
of lead and tin, or elfe of pewter; and grind the metal upon 
it with fine emery; which, however fine it may be, will 
break up the metal vory much. This tool, or rough 
grinder, ſhould be of an elliptical form, and not circular, 
and of ſuch dimenſions that the ſhorteſt diameter of the 
ellipſe ſhould be equal in breadth to the diameter of the 
mirror, and the longeſt diameter of the elliptical tool ſhould 
be to the ſhorteſt diameter in the 1 of ro to '9 
n ee f 

n duda b bot a ee it malt be 
brought to a convex tool formed with ſome ſtones from a 
place called Eagden, in Shropſhire; ſituate between Ludlow 
and Biſbops-Cuſtle; theſe ſtones or hones are of a fine grain, 
and will eaſily cut the metal, and bring it to a fine face. 


The bed of hones ſhould be of a cireular figure, and but 


very little larger than the metal intended to be figured upon 
it, viz. about 2-tenths of an inch, but not more for a ſpe- 
culum of 4 or 5; inches diameter. If the tool is made con- 
ſiderably larger than the metal; it will grind the metal per- 


petually into a larger ſphere, and by no means of a good 


figure; if the metal and tool are of the ſame ſize exactly, 

the metal will work truly ſpherical, but it is apt to ſhorten 

the focus leſs and leſs, unleſs the metal and tool are worked 

alternately upwards : it had better be made a little (about 

I-twentjeth part) greater in diameter, larger than the mir- 

tor, When it will not ſo much alter its focus. Too much 
water ſhould not be uſed at a time upon the hone pave- 
ment, or the figure will be very bad; which may eaſily be 
ſeen by the face of the metal appearing of different degrees 
af brightneſs in different pars of it, When the metal is 
brought 


. 
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brought to a very fine face and figure by the bed of hones, 
it is then ready to receive a poliſſi; but before we give di- 
rections concerning the manner ot poliſhing it, a circum- 
Nance or two inadvertently paſſed over muſt be mentioned. 
The metal muſt not be caſt too thick, or it will never take 
the parabolical figure intended to be given to it: the beſt 
proportion found: for this purpoſe is a metal of 4 4 inches 
diameter, and 18 inches focus; it ſhould be 4-tenths- of an 
inch thick at the edge of it: the back of the mirror ſhould 


be convex to ſtrengthen it, and to cauſe it to ſpring and 


adhere to the poliſher uniformly, its convexity ſhould. be 
equal to its concavity on the face, that the metals may be 
every where of an equal thickneſs. The handle ſhould be 
made of lead, of the ſame convexity and concavity as the 
metal; its thickneſs about double that of the metal; and 
its diameter 3-fourths of that of the ſpeculum; it ſhould 
have a hole in the middle, with a copper or iron ſcrew on 
it, ſo as to put it together with the mirror, to which it is 
faſtened with pitch, on a collar lathe, in order to ſmooth 
and finiſh the edge of the metal, which may be done by 
holding a fine file to it, when in the lathe at firſt, and aſ- 
terwards one of the above-mentioned ſtones. - + 


Of * poliſhing the | Metal, am giving: it the ' tyue parabolic 


THE rough grinder of an elliptical form is now to be 


covered with common pitch. The pitch for this purpoſe 
is generally made by boiling tar in a ladle, over a flow fire, 
till it becomes: of the conſiſtence required, for there is a 

great nicety in the degree of hardneſs: of the pitch. The 
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harder the pitch is, the detter figure it will give to the me- 
tal, as it does not alter its figure in working, as ſoft pitch 
does; beſides the metal will acquire a luſtre upon a po- 
liſher moderately hard, ſo as to ſhew objects reſlected from 
it as vivid and as near their natural colour as poſſible; but 
if the pitch is too ſoft, ſome of its fineſt particles will al- 
ways adhere to the face of the metal, and form a very: ino 
and thin, cuticle or covering upon its ſurface. This cir- 
cumſtance is rendered very evident by viewing any white 
object in che metal, when that ſine cuticle or covering 
upon the ſurface of the ſpeculum will cauſe it to ſhew the 
object of a ner brown 1 * not of its . 
Whiteneſs. . | i 45845 n 


Pitch may be eaſily made harder by adding to it a proper 
quantity of roſin. I often uſe equal quantities of pitch 
and roſin, ſo as to make the mixture juſt ſo hard when 
cold as to receive an impreſſion from a moderate preſſure of 
my nail. A poliſher made with pitch and roſin has this 
advantage, viz. though it is hard yet it is not ſo brittle as 
when pitch otily is uſed, and made hard by boiling it ; and 
conſequently not ſo liable to break or chip off at the edges, 
and thereby ſcratch the metal. Pour the melted pitch and 
| rolin, 'when pretty cool, upon the elliptical tool, made pre- 
viouſly. warm, fo as to cover it every where when ſpread 
upon it with an iron ſpatula about the thickneſs of a half 
crown piece. If the covering is too thin, it will conti- 
nually alter its figure, by the heat it acquires in working 
the metal upon it, and thereby give a bad figure alſo to the 
ſpeculum; vhen it is ſomewhat cool, lay a piece of writing 
paper upon the ſurface of the pitch, and gently preſs the 
mirrour upon the paper; inſtantly pull the paper off from 
the pitch, after you have preſſed the mirrour upon it, elfe 

* it 
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it might adhere to the pitch, and you will find the poliſher 
will be neatly figured to the form of the ſpeculum. If it 
has not taken an exact figure. every where, which would 
appear by the fine marks of the paper upon the pitch, gent- 
ly warm the ſurface of the pitch, and repeat theft operation 
as before, till you have formed it of the exad figure of the 
metal. | , 


With a —— take a1 all the ſuperfluous pitch 
from the edge of the poliſher; and with a convenient piece 
of wood form the hole in the middle, accurately round, In 


In other words, let the pitchy ſurface be every where of 


the exact ſize and ſhape as the lead tool which is under 
it. 


It may be 1 to mention that the hole in the 
middle of the poliſher ſhould go quite through the tool, 
and ſhould be made of the ſame ſize, or ſomewhat leſs than 
the hole in the middle of the ſpeculum. This is a neceſ- 
ſary caution; and indeed it has always been found that 

ſmall mirrours without any hole i in the middle will poliſh 
much better, and the figure will be more correct, if the 
poliſher has a hole in the middle of it, The powder to 
which the preference is given, to give a moſt exquiſite 
luſtre, is colcothar of vitriol, and not putty. Putty gives 
metals a white luſtre, or, as the workmen call it, a ſilver 
hue ; but good colcothar of vitriol will poliſh with a very 
fine and high black luſtre, ſo as to give the metal poliſhed 
with it the complexion of poliſhed ſteel. To know if the 
colcothar i is good, put ſome of it in your mouth, and if you 
find it diſſolved away it js good; but if you find it hard and 
cranch between.) -your teeth jt is bad; good colcothar of vi- 
trjo] is of a deep red or deep purple colour, and is ſoft and 

oily 
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oily. when rubbed. between the fingers : bad eolcothar is 
of a light red colour and feels harſh and gritty. , The cole 
cothar of vitriol ſhould belevigated between to furfgces of 
poliſhed ſteel, and wrought with a little water; when ĩt is 
warked dry, you may add a little more water: to carry it 
down to what degree yau nleaſe. When the col eothar has 
been wrought dry 3 or 4 times it will acquire a black coz 
lour ; and will be low enough, or ſufficiently fine, to give 
an exquiſite luſtre: this levigated colcothar of vitriol put in 
a ſmall phial, and pour ſome water upon it, and afterwards 
uſe it fot poliſhing the metals in the ſame manner that 
waſhed putty is directed to be made uſe of for that purpoſe 
in the former part of this ireatiſe. Put on à large quantity 
of waſhed colcothar of vitriol at once; ſq as to ſaturate the 
pitch, and form a fine coating of the coleothar, and you 
will very rarely need to make uſe of 4 ſecond application. 
If a ſocond or third application of colcothar ſhould be found 
neceſſary 40 bring tho meta} to a fins luſtre, ot to take out 
any feratches upon its face; uſe it very ſparingly,” or you 
will deftroy the poliſh you have already attained. When 
the metal is nearly poliſhed, it will always generate ſome 
black mud upon the ſurſace of the mirror, and alſo upon 
the tool. Wipe it now away from the face of the metal 
with ſome very foft waſh leather; though if too much of 
the mud be taken away, it will not poliſh'fo well; indeed 
a little experience in theſe matters on better ſuffice _ 
aan ede 
n ie e ( 

In regard to the an figure to be "2600874 metal, 
no particular caution is required in the poliſhing; the ellip- 
lic tool will always cauſe the ſpeculum to work into an ac- 
curate parabolic figure, ſuppoſing the tranſverſe and conju- 
gate diameters bear the true proportion to each other, and 
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the metal is not too thick to prevent it always from adher- 
ing firmly, and uniformly to the poliſher. Should the 
pitch prove too ſoſt it will give way, and alter the figure a 
little. This circumſtance will render the figure of the 
mirror ſometimes a ſmall degree ſhort of the parabola, and 
. EA 
the _ _—_ _ — | J 
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let him+polifh a metal 24; inches diameter, and 9 4 inches 


focus upon an elliptical tool whoſe diameters are 24 and 
Zoinches, and I. can aſſert he will always find the metal 
— poliſhed (if it is not. too thiek) beyond the Parabola, 
or it Wil proye hyperbolical. If he poliſhes it upon a cir- 
cular tool in the common way with croſs ſtrokes in every 
direction poſſible, uſing firſt a few round ſtrokes, every 
time he changes his poſition, he will find it always prove 
ſphexical and conſequently ſhort of the parabola. A very 
little experience|in-theſe matters will convince. any one of 
the eaſe and certainty of giving the great ſpeculum a para- 
bolic figure by poliſhing it in a common manner with croſs 
ſtrokes in every-direRion poſſible, upon an elliptical topl of 
the, proper dimenſions, in which (for common foci; and 
apertures, Viz. 24 to 9 4 focus, or 3.8 inches diameter, to 


18 inches focus) the diameters ſhould be 10 to 9. The 


ſhorteſt diameter of the ellipſe being exactly the ſame, as 
the diameter of the metal, and the longeſt diameter of the 
ellipſe to the ſhorteſt diameter as 10 to . 
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Magnetiſm. 

Though the phenomena of the magnet have, for many 
ages, engaged the attention of natural philoſophers, not only 
by their ſingularity and importance, but alſo by the obſcu- 
rity in Which they are involved ; yet very few additions have 
been made to the diſcoveries of the firſt enquirers upon the 
ſubjeR. The powers of genius which have been hitherto 
employed in proſecuting this ſubjeR, have not been able to 
frame an hypotheſis, that will account, in an eaſy and ſatis- 
factory manner, for all the various properties of the magnet, 
or point out the links of the chain which connect it with 
the other phznomena of the univerſe. Though it is cer- 
tain that both natural and artificial electricity will give 
polarity to needles, and even reverſe; from whence it would 
appear, that there is a conſiderable affinity between the 
electric and magnetic fluid, but how it acts when produc- 
ing magnetiſm, is entirely unknown. 


It is known by the works of Plato and Ari/totle, that the 
antients were acquainted with the attractive and repulſive 
powers of the magnet; but it does not appear, that they 
knew of its pointing to the pole, or the uſe of the compaſs. 
As they were not acquainted with the true method of phi- 
loſophiſing, and contented themſelves with obſervation 
alone, their knowledge.of nature was confined within very 
narrow limits, and did not afford any conſiderable advan- 


tage to ſociety, Modern philoſophers, by combining ex- 


, periment with obſervation, ſoon extended the boundaries 
of ſcience, and diſcoyered the polarity of the loadſtone, a 
| Property 
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property which in a manner conſtitutes the baſis of _— 
tion, and gives being to commerce. 


The loadſtone, lending 6 Kode, or natural magnet, is an 
iron ore, of all forms and ſizes, and of various colours. It 
is endowed with the property of attracting iron; and of 
both pointing itſelf, and alfo enabling a needle, touched 
upon it, and ory poiſed, to point rem the 2 * the 
world. | 


Two Methods of communicating the Powers or Properties of the 
Magnet to Iron and Steel. ; 


. TO give a detail of the various proceſſes which hare 
deen ſuggeſted, for the touching or communicating the 
properties of the magnet to iron or ſteel, would alone fill a 
volume; I ſhall therefore only give on account of two ge- 
neral and good methods which 1 preſume wil bs _ 
* to every common purpoſe. | 


1. Place two magnetic bars A B, (Plate IV. Fig. 6.) in 
a line, with the north, or marked end of one; oppoſed to 
the ſouth, or unmarked end of the other, but at ſuch a diſ- 
tance from each other, that the magnet to be touched may 
reſt with its marked end on the unmarked end of A, and its 
unmarked end on the marked end of B, then apply the 
north end of the magnet D, and the ſouth end of E to the 
middle of the bar C, the oppoſite ends being elevated as in 
the figure; draw D and E aſunder along the bar C, one 


towards A, the other towards B, preſerving the ſame cle- 


vation, remove D and C a foot or two from the bar when 


they are off the ends, then bring the north and ſouth poles 
ol 
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of theſe magnets: together, and apply them again to the 


middle of the bar C as before; repeat the ſame proceſs five 
or ſix times, then turn the bar, and touch the oppoſite fur- 
face.in the ſatne manner, and afterwards the two'reinaining 
ſorlacet, and by this means the e eee RY 


fixed magnetiſm. . 


. Fiss two bars Which are to be touched parallel w 


each bther, and then unite the ends by two pieces of ſoſt 


iron called ſupporters, in order to preſerve, during the ope - 


ration, the circulation of the magnetic matter; the bars are 
to be placed ſo that the marked end D, (Fig. 7, may de 
oppoſite the unmarked end B, then place the two attracting 
poles G and I on the middle of one of the bars to be touch - 

ed, raiſing the ends ſo that the bars may form an obtuſe 
angle of 100 or 120 degrees ; the ends G and I of the 
bars are to be ſeparated two or three tenths ot an inch from 
each other. Keeping the bars in this poſition, move them 
ſlowly over the dar A B, from one end to the other, going 
from end to end about fifteen- times. Having done this, 


change the poles of the bars, that is the marked end of one 


is always to be againſt the unmarked end of the other, and 


repeat the ſame operation on the bar C D, and then on the 


oppolite faces ot the bars; the touch, thus communicated, 
may de farther increaſed, by rubbing the different ſaces 


of the bars with ſets en bars diſpoſed as in 


Fig. 8, 


It en unt tm Geh w waer Mel gerne, we 
mult ſo diſpoſe the pores, that they may form contiguous 
tubes parallel to each other, capable of receiving the mag- 
netic fluid, and then propagating and perpetuating its mo- 
lan ſo-that the magnetic ſircam may enter with caſe, and 
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be made to circulate through it with the greateſt force: 
to this end, it is neceſſary to be particularly attentive in the 
choice of the ſteel which is to be touched ; the grain ſhould 
be equal, ſmall, homogeneous, and without knots, that it 
may preſent a number of equal and uninterrupted channels 
to the fluid, from one end to the other: this is more im- 
mediately important in the choice of the ſteel for the 
needles of ſea compaſſes, for if the ſteel is impure, or. the 
mode of touching improper, the needle may have different 
poles communicated to it, which will more or leſs impede 
the action of the principal needle according to their * 
and ſituation. 


The ſteel ſhould be well tempered, that the pores may 
preferye a long time the diſpoſition they have received, and 
and better reſiſt thoſe changes in their direction, to which 
iron and ſoft ſteel are liable. The difference in the nature 
of ſteel is exceeding great, and is eaſily proved by touch- 
ing in the ſame manner, and with the fame bars, two 
pieces of ſteel of equal ſiae but of different Kind. 


Steel that is hardened, receives a more perfect magnetiſm 
than ſoft ſteel, though it does not appear that they differ 
from each other in any thing but the arrangement of the 
parts; perhaps the ſoft ſteel contains phlogiſton in its 
largeſt pores, while hardened ſteel contains it in the ſmaller. 
Iron, or ſteel, have very little air incorporated in their 
pores; when they are ſeparated from the ore, they are 
expoſed to a moſt intenſe degree of heat, and moſt of. the 
changes to which they are afterwards ſubmitted, are effected 
in a red hot ſtate. A piece ſpring-tempered ſteel will not 
retain as much magnetiſm. as hard ſteel, ſoft ſteel ſtill leſs, 
ind iron ſcarce retains any, From ſome experiments of 

Mr, 
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Mr. Muſchenbroek, it appears, that when iron is united 
with an acid, it will not become magnetical; but if the 
acid is ſeparated, and the phlogiſton reſtored, it will become 
as magnetical as ever. 


The dimenſions and ſhape of a magnet will make a dif- 
ference in its force, therefore the bars to be touched, 
ſhould neither be too long nor too ſhort, but in proportion 
to the thickneſs ; iſ they are too long, the paſſage of the 
magnetic matter coming out of one pole, and proceeding 
round the magnet'to enter the other, will be impeded, and 
its velocity leſſened. If they are too ſhort, the fluid which 


comes out from one pole, will be repelled and thrown back 


by the other acting parts of the magnet, and thus be car- 
ried too far from the pole into which it ought to enter, 
and prevent the continued circulation of the magnetic mat- 
ter. If they are too thin, then the number of pores are too 
few to receive a ſtream ſufficiently ſtrong to reſiſt the ob- 
ſtacles in the external ſpace ; while, if they are too thick, 
the ſtrait and regular direCtion of the channel is injured by 
the difficulty which takes place in the arrangement of the 
interior channels, as the magnetic matter has not ſufficient 
force to penetrate the ſteel to any conſiderable depth, and 
thus injures the circulation of the fluid. 


All the pieces ſhould be well poliſhed; it is of the greateſt 


importance that the ends ſhould be flat and true, ſo as to 
touch in as many points as is poſſible, the ends of ſoft iron 
which keep up the circulation. Inequalities on the faces 
but principally near the poles, are to be avoided, as theſe 
occaſion irregularities in the circulation, and thus diminiſh 
its velocity, which is one of the principal ſources of mag- 
netic power, 
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While the bars are touching, the ends of ſoft, iron ſhould 
be kept in conſtant contact with the bars, for a momentary 
ſeparation i is ſufficient to deſtroy the effect of the operation, 
as the fluid will be inſtantly diſperſed'i in the air. 


The operator ought not to ſtop longer on the firſt bar 
than is neceſſary to open the pores, and to arrange them 
magnetically, paſſing immediately to the other, to form an 
opening for the fluid which iſſues from the firſt, 


It is moſt ates to wks bur that f is quitted. 


while the touching magnets are placed on the other; by 
this means the ſtream that is to be excited will diſpoſe the 
channels of the firſt, and thus render the operation more 
efficacious ; beſides, by only turning one bar at a time, the 
touching bars need never be totally removed during the 
whole operation, a circumſtance which will contribute to 
the Rrength ol the magnet. - 


— (hllt axoves te Ghhbl7 Kane the 
equator of the magnet; and their motion over the others, 
Houle be flow. and regular. | 


The og diana wathte ts Bs 
creaſed by leaving them for ſome time in linſeed oil. 


It may contribute to the effects of the operation if the 
bars A and B, fig. 6, are placed in the direction of the mag- 
| netic meridian, and OT ny WOT AIP» 
cqual to the dip of the needle. 


The fixed power, thus . to a magnet, is 


impaired if it is laid amongſt iron, or by ruſt; it may be in- 
02 eee. 
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| jured alſo by fire, a each of theſe circumſtances wil change, 
or confuſe the direction of the — ſtream. 


Place a ſmall magnetic needle on the point of one of the 
ſmall ſlands, and put it between two magnetic bars, ſo that 

| the north end of the bar may be near the ſouth end of the 
needle ; the ſmall needle will, without any apparent cauſe, 
be thrown into a violent vibratory motion, and ſeem as it 
were animated, till it is ſaturated with magnetiſm, when it 

© will becomequieſcent. The vibratory motion is probably | 
occaſioned by the irregularity of the impreſſions it receives | 

| from the magnetic fluid, and the difficulty that — find | 
in entering the needle. 


All cauſes that are capable of making the magnetic fluid 4 
move in a ſtream, will produce magnetiſm in thoſe bodies N g 
which are properly nn to receive it. | ; 

| 


If bars of iron are heated, and then cooled equally, in va- 
rious directions, as parallel, perpendicular, or inclined to | 
the dipping needle, the polarity will be fixed according to 5 
their poſition, ſtrongeſt when they are parallel to the dip- 
ping needle, and fo leſs by degrees, till they are perpendi- 
cular to it, when they will haye no fixed polarity ; but if | | 
upon cooling a bar of iron in water, the under end is con- vl ty 
ſiderably hotter than the upper, and the upper end is cooled ! 
firſt, it will ſometimes hecome the north pole, but not al- DIS 
ways. If iron, or ſteel, undervo a violent attraction in any 
one particular part, they will acquire a polarity; if the iron 
is ſoft, the magnetiſm remains very little longer than while 
the heat continues. Lightening is the ſtrongeſt power yet 
known in producing a ſtream of magnetiſm; it will in an 

EY | inſtant, 
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inſtant, render hardened ſteel ſtrongly magnetieal, and invert 
the poles of a magnetic needle. 


To make a niagnetical bar with ſeveral poles, place mag- 
nets at thoſe parts where the poles are intended to be, the 
poles to be of a contrary name to thoſe required, and if a 
ſouth pole is fixed on one part, the two next places muſt 
have north poles ſet againſt them; conſider each piece be- 


tween the ſupporters as a ſeparate magnet, and touch it 
accordingly. 


To produce Fire from two cold Liquors. 


MIX together 2 drachms of oil of cloves, and 21 
drachms of the ſpirit of nitre, made with oil of vitriol. 
Let the mixture be made by pouring the acid at once upon 
the eſſential oil, and they inſtantly take fire. 


This is an experiment very ſurpriſing ; and very often 
ſpoken of; but ſometimes attempted without ſucceſs. He 
who buys his ingredients at the next Chemiſt's may eaſily 
be diſappointed ; for one of them may be adultcrated ; and 
the other made by a wrong proceſs, Though the ſpirit of 
nitre made with the oil of vitriol, will take this effect; 
neither oil of vitriol itſelf, nor ſpirit of nitre made in the 
old way will do it; nay, the very ſpirit made with the 
vitnolic acid, is, for certain reaſons, ſometimes diſtilled 
from ſuch proportions that it will not anſwer. The pro- 
cels is eaſy ; and he who would perform the experiment to 
6, bis ſabes, would do well to draw the acid off himſelf, 
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in a particular proportion: if it be made * the 
WT directions! it will never fail. 


Lay a quantity of purified nitre ſome time in a warm 


place, that it may be perfectly dried; pound it to a grols 
powder; and put it in the ſame place again to be dried 
more perſectly; then put into a glafs retort a pound and 
one ounce of this ſalt ;, and a pound and two ounces of 
good oil of vitriol ; lute on a receiver and ſet the retort in 
a ſand furnace; make but a gentle fire and raiſe it only 
gradually ; never let it be higher than is juſt ſufficient for 
driving over the ſpirit. The diſtillation being finiſhed, 
keep this ſpirit carefully ſtopped. 


This will never fail of firing the oil of cloves ; nor is 
that expenſive oil neceſſary for the experiment; for it will, 


when thus made, fire almoſt any of the vegetable or am- - 


mal oils. 


To make Alum Phoſphorns. 


REDUCE to a fine powder half a pound of common 
alum ; mix it with two ounces of dry wheat flour ; grind 
theſe together, and put the powder into an iron diſh, or 
hdle ; ſet it over the fire, and it will melt. Keep ſtirring 
it 0 till it concrete into a dry maſs again. Then re- 
duce it a ſecond time to powder; put this into the ladle, 
and burn it again till it be of a dark brown colour, ncarly 
black. Remove this from the fire, and put the powder into 
a tall phial; ſet this upon a little ſand in a crucible, and 
pour ſand about it; then ſet it on a naked fire, and make 
the bottom of the crucible red hot: keep the fire at this 


as; * ' 
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degree ſor twenty mintites. Aſter this flop the phial with 
a cork, and then remove the crucible from the fire. Let all 

Cool: then take the phial out of the ſand, and put it up in 
a dark place. This is the alum phoſphorus; or, as ſome 
calt it, the black phofphorus. At any time, if a little of 
this powder be poured out of the bottle, it takes fire of itſelf. 
and burns away to a coal, or cinder. The beſt method of 
ſtre w ing its effect, is by pouring it out upon a piece of coarſe 
paper, which has been hung up in a damp place. 


- 


The Phoſphorus of Urine. 


THIS is the moſt conſiderable of all the bodies that 
have been called Pheſphari, and it is the moſt troubleſome 
io be made. Many proceſſes have been given for it; but 
many who have tried them after the authors, have failed 
ol ſucceſs. Whether this has been owing to their fault» 
or that of thoſe who have lain down the inſtructions, is not 
caly to fay; however the following is leſs difficult than 
many. It is very nearly that by which Boerhaave made 
it; and is very exactly the proceſs by which I have aſſiſled 
in making it. | 


Boil about twelve or fourteen gallons of freſh urine in a 
very large veſſel, and with great care that it do not boil 
over, till it be reduced to a ſmall quantity, and have the 
conſiſtence of honey; take this out of the veſſel, in which it 


was bailed, and fet it in a glaſs in a warm room: let it 


ſland a long time, for it is neceſſary it ſhould putrefy; and 
this does not come on ſuddenly. When it has been tho- 
roughly putreſſed put it into an iron pot, ſuch as is uſed for 
 Gillilling fpirit of hartſhorn in large quantities, and lute on 

an 
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an alembic head of earthen ware, ſuch as are made for thoſe 


pots. Lute on the head very firmly; and fit to the noſe a 
long pipe; admit this into a large receiver. When all is 
thus ready make a fire under the pot, and raife it by degrees 
to 2 great height: an alkaline ſalt is ſublimed, and aſteg- 
wards a yellow oil comes aver; the. fire is then to be in- 
creaſed, ſo as to keep the bottom of the pot red hot for 
ſome time; a thicker oil and a ſecond ſalt will come 
over: theſe, if there de uſe for them may be preſerved: 
n nen thy pt 
PRO 


Let the pot cool, and take out the reſiduum; throw it 
into a mortar a little heated, and beat it to a coarſe powder; 
have ready fome powdered charcoal; mix with this pow- 
- dered maſs twice its weight of the powdered charcoal; 
grind them a little together, and then put the mixture di- 
vided into three or four portions, into fo many little glaſs 
retorts; cover theſe with a coat of M inaſor loam, carefully 
laid on, to the thickneſs of one ſixth of an inch. Place 
theſe in a reverberatory furnace, and fit on large receivers 
filled with water, to ſuch a height, that the necks of the 


retorts may be buried an inch and half under the water. 


Make the fire gradually, bur raiſe it at the laſt to the moſt 
extreme degree. Continue it in this unremitted violence; 
and after twelve or fourteen hours a bluiſh looking matter 
will fall from the necks of the retorts in ſmall quantities, 
and fink to the bottom of the receivers. This is the 
phoſphorus. The fire is to be continued as long as any 
of it dan be forced over; and then R 
removed and unluted. 


The 
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The phoſphorus now remains in the bottom of the re- 
ceivers in looſe fragments, and it 1s to be collected together 
without taking it out of the water. To this purpoſe a 
ſmall veſſel is to be put into each receiver, and the quan- 
tity of phoſphorus it contains is to be got together, and 
taken out covered with water in this ſmaller veſſel. This 
veſſel is to be ſet in a ſand heat, and by degrees the phoſ- 
phorus will melt, as the water continues boiling. When 
it is thus reduced to a mals, it is tobe put into a proper veſ- 
fel, and kept always under water, except when it is taken 
out to be uſed. The method here laid down, though te- 
dious, is not difficult. 


Phoſphorus of Line. | 


| REDUCE to powder ſix ounces of crude ſal ammoniac, 
and mix it with thirteen ounces of lime, that has been 
thck'd by the air, or has lain in the air till it has fallen to 
powder. Mix theſe very well together, and put them into 
a crucible big enough to hold twice the quantity. Melt 
them together in a ſtrong fire, and as the matter ſwells and 
riſes up, ſtir it about with a ſpatula: when it runs per- 
ſectly in every part, remove it from the fire, and pour it 
out into the bottom of a mortar ;- let it cool, and 1 
it in a wide mouthed glaſs well 2 


f 


At any time when a piece of this is firuck upon with 
a hammer, it takes _ and burns as it nn under the 
blow. | 
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A works of n are the only ſource of * 
ledge, and the ſtudy of them the moſt noble employment of 
the mind of man. Every part of the creation demands his 
attention, and proclaims the power, and wildom of its 
Almighty Author. The ſmalleſt ſeed, the minuteſt inſe& - . 
ſhews the {kill of providence in the aptneſs of its contrivance 


for the purpoſes it is to ſerve, and diſplays an elegance of 
beauty Cas the utmoſt ſtretch of art. 


The wiſe in al ages have been ſenſible abi wnds 
and, as far as they were able, have ſtudied and enquired into 
the receſſes, of nature; but for, want of proper helps have 
frequently, been, miſtaken. As certain principles muſt firſt 
be learned e er we can become maſters of any ſcience, fo in 
the ſchool of nature, we muſt: begin with the minutiæ, the 
ſmalleſt and moſt nncompounded parts, e'er we can . 
ſtand the Jager and mags ar. | y 


"Db bee — 
were uncapable of any great diſcoveries of this ſort: but 
we are ſo happy, that by the help of glaties, we can diſ- 
tinguiſh and examine objects many thoufarids of times leſs 
than what the ſharpeſt eye unaſſiſted can diſcern: In ſhort 


microſcopes furniſh. us as it were with a new ſenſe, unfold+ | 


the amazing eee of intent e as wHt 
Wann ee N nate 4/o 17s. * 
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| Who, a thouſand years ago, would have imagined it poſ- 
ſible to diſtinguiſh myriads of living creatures in a ſingle 
drop of water? Or, that the purple tide of life, and even the 
globules of the blood, ſhould- be ſeen diſtinctly rolling 
through veins, and arteries ſmaller than the fineſt hair? 
That thouſands of animalcules ſhould be diſcovered in the 
ſemen maſculinum of all creatures? That not only the exte- 
rior form, but even the internal ſtructure of the bowels, 
and the motion of the fluids in a gnat or Jouſe, ſhould be 
rendered objects of fight? Or that numberleſs ſpecies of 
creatures ſhould be made viſible, though ſo minute, that 
ſome thouſands of them are leſs than a grain of ſand? 


Theſe are noble diſcoveries that enlarge the capacity of 
the human ſoul, and furniſh a more juſt and ſublime idea 
than mankind had before, of the grandeur and ee 
ol nature; —— er oped. 13 para 
the Divine . 25 


: 


He 185 0 ane end the works of na- 
ture Who makes them his ſtudy; ſince every animal, flower, 
fruit, or inſect, nay, almoſt every particle of matter affords 
him entertainment. Such a man can never feel his time 
hang heavy on his hands, or be weary of himſelf, for want 
of knowing how to employ his thoughts: each garden or 
field are to him a cabinet of curioſities, every one of which 
he longs to examine fully ; and he conſiders the whole uni- 
verſe as- a magazine of wonders, which infinite ages are 

ſcarce ſufficient to contemplate and admire enough. In- 
deed, when we compare the ſtructure of a mite with that 
of an elephant, the largeneſs and ſtrength of one may ſtrike 
þ wh wonder and terror ; ; * we ſhall find ourſelves 


qu} ite 
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cite laſt in amazement, if we attentively examine the ſe- 
veral minute parts of the other. For the mite has more 


limbs than the elephant, each of which is furniſhed with 
| er eee ie 


has eyes, 4 mouth, and a proboſcis too (as well as the ele- 
phant) to take in its food; it has a ſtomach to digeſt it, 


and inteſtines to carry off what is not retained for nouriſh- 


ment: it has an heart to propel the circulation of its, blood, 
a train to ſupply nerves every where, and parts of genera. 
tion, as perfe& as the largeſt animal, Let us now ſtop, 
look back, and conſider, as far as our abilities can- reach, 
the exceſſive minuteneſs of all theſe parts; and if we find 
them ſo ſurpriſing and beyond our ideas, what ſhall we ſay 
of thoſe many ſpecies of animalcules, to whom a mite itſelf 
ip fine en were an elephant, | 


| Al theſe ie ee i minding, 


can Exhibit to us. I have deſcribed this noble invention in 
the Introduction to uſeful Knowledge, and ſhall now point 
out ae . for er R . 


Iſt The ſilver tree, . of which obſerve 
the following directions: diſſolve a little ſilver in a ſmall 


quantity of aqua-fortis; when this is done, add twice the 


quantity of common water to it, and the preparation will 
de made. When you apply it to the microſcope, drop a 
little upon a plain glaſs, and put therein a ſhort piece of 


ſmall braſs wire, and immediately trees will appear grow- 


ing, which may be obſerved till it has yo as far as the 
liquid extended. 


2d. The cryſtallization of ſalts are curious objects, and 
are prepared in the following manner. Diſſolve a little 


- — 
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ſal ammoniac in common water, place eben n las 
as above directed; and while you ate viewing it, hold . 
1 hot iron near the glaſs in order to make it more e pedi- 
| tious in evaporating ;/ which, as ſoon as it takes place, 
| unitates the branches of trees, and diſplays ſuch beauty, as 
, will fill every beholder! with wonder and admiration- | 
N Winne 1 
d. A variety of ode ſi e enn 
| highly entertaining, viz. 1. The fly. 2. Louſe. 3. Mites | 
| | in cheeſe, 4. Scales of fiſhes. 5. Eels, ſerpents, or little 
| worm-like animalcules found in vinegar and paſte. 6. 
Animalcules in ſeveral infuſions. 7. Feathers. 8. Hair. 
9. Wings of flies. 10. Flies which infeſt fruit and other 
trees. 11. Sting of a bee. 12. The human ſkin. 13. 
Tranſverſe cuttings of wood. 14. The beard of a wild 
cat. 15. Mouldineſs. 16. Small ſeeds, r. * 


(1/3 4183 


This ſmall claſs of objeft is but trifling i in compariſon 
of the inexhauſted ſtore which abounds in every part of 
the creation, and there re ferment ns g. 
I eas why. 


